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HAZARDOUS WASTE MANAGEMENT 

POST-CLOSURE CARE PERMIT 

PERMITTEES: Radford Army Ammunition Plant 

BAE Systems Ordnance Systems Inc. 
Route 114, P.O. Box 1 
Radford Army Ammunition Plant 
Radford, VA 24141-0100 

US Army Radford Army Ammunition Plant 
Route 114, P.O. Box 2 
Radford Army Ammunition Plant 
Radford, VA 24141 

Pursuant to Chapter 14, Section 10.1-1426, Code of Virginia (1950), as amended and regulations 
promulgated thereunder by the Department of Environmental Quality (hereinafter referred to as 
the Department), a Post-Closure Permit is issued to the United States Army and BAE Systems 
Ordnance Systems Inc. (hereinafter referred to as the Permit and the Permittees), for the post-
closure care of two closed hazardous waste management units (HWMU) of one hazardous waste 
disposal facility: Unit 5, and Unit 16. The facility is located in Montgomery and Pulaski 
Counties at Route 114, PO. Box 1, Radford, Virginia, 24141-0100. 

HWMU-5 is a former lined surface impoundment (Neutralization Pond) located at latitude 
37°11'12" North and longitude 80*32'15" West. HWMU-16 is a closed hazardous waste landfill 
located at latitude 37°11'49" North and longitude 80°31'26" West. 

These two UNITs, 5, and 16, at the above facility are currently limited to the following activities: 
maintenance and monitoring of one closed hazardous waste surface impoundment (5) and one 
hazardous waste landfill (16). 

EPA I.D.#: VA1210020730 



Permit Appendices A through K of Attachment 1 (applying to both units), Permit Appendices 
A through K of Attachment 2 (applying to Unit 5), and Permit Appendices A through H of 
Attachment 3 (applying to Unit 16). If the Permit and the above attachments conflict the 
Perrmtconditionsshallprevail. ThePermitteesshallalsocomplywimallapplicableregulations 
contained in the Virginia Hazardous Waste Management Regulations (VHWMR) 9 VAC 20-60 
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LIST OF ATTACHMENTS 

The following Attachments are incorporated, in their entirety, by reference into this Permit. 
These incorporated attachments are enforceable conditions of this Permit. Some of the 
documents contain excerpts from the Permittees' Hazardous Waste Permit Application. The 
Department has, as deemed necessary, modified specific language excerpted from the permit 
application. Additional modifications are prescribed in the permit conditions (Modules I 
through VII), and; thereby, supersede the language of the Attachments. Facility operations shall 
be in accordance with the contents of the Attachments and this Permit. 
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DEFINITIONS 

For the purpose of this Permit, terms used herein shall have the same meaning as those in 9 VAC 
20-60-12, 9 VAC 20-60-14, and 9 VAC 20-60-17, unless this Permit specifically states 
otherwise; where terms are not otherwise defined, the meaning associated with such terms shall 
be as defined by a standard dictionary reference or the generally accepted scientific or industrial 
meaning of the term. 

a. j / f c,W,ww to 40 CFR Parts 124,260,261,262,263,264,265,266,268,270,273, and 279 
are as adopted by reference in the VHWMR at 9 VAC 20-60-124 -260 -261 -262 -
263,-264,-265,-266,-268,-270,-273, and-279. 

b Area of Concern (AOC) -
An area at the Facility or an off-site area, which is not at this time known to be a solid 
waste management unit, where hazardous waste and/or hazardous constituents are 
present or are suspected to be present as a result of a release from the Facility. 

c Plume Monitoring Wells -

Those groundwater monitoring wells designated by Permit Conditions V.D.I.a and 
V.D.2.a, and located as shown in Appendix A. l of Permit Attachment 2 for Unit 5 and 
Appendix A. l of Permit Attachment 3 for Unit 16, respectively. 

d. Days 
Except as otherwise provided, calendar days. 

e Department -

The Virginia Department of Environmental Quality or the Department (with the address 
as specified in Permit Condition I.E.(3). 

/ Director -

Director of the Virginia Department of Environmental Quality, his designee or 
authorized representative. 

g. Exceedance -

Any measured concentration greater than established standard. May be verified by 
resampling. 

h Facility or site -

All contiguous property under the control of the owner or operator seeking a permit 
(except for Permit Condition I.E.), for which the definition in 40 CFR Section 260 10 
shall apply. For the purposes of this Permit this includes all Radford AAP property that 
was identified in the physical description (including structures, appurtenances and 
improvements) as set forth in Permit Module III. 
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i. Hazardous Constituent -

Any constituent identified in Appendix VIII of 40 CFR Part 261, or any constituent 
identified in Appendix IX of 40 CFR Part 264 and Appendix VII of 40 CFR Part 261. 

j. Hazardous Waste Management Unit (HWMU) -

Contiguous area of land on which or in which hazardous waste is placed, or the largest 
area in which there is a significant likelihood of mixing hazardous waste constituents in 
tne same area. 

k. Independent Samples -

SajnplescolWedaAeranew volume of purged 

the filter pack. Sampling interval is calculated based upon aquifer characteristics. 

/. Permit-

m. Permitted Hazardous Waste Management Unit (HWMU) -

waste landfill including all contiguous areas of land on which or in which hazardous 
waste may have been place placed, or the largest area in which there is a significant 
hkehhood of mixing hazardous waste constituents in the same area, as described in 
Appendix A of Permit Attachment 1. 

n. Permittees -

E P e ™ r s

A m , y ^ ^ ^ S y S , e m S ' ° R t a " ~ ^ are 

o. Point of Compliance -

Vertical plane at the hydraulically downgradient limit of the waste management unit. 

p Point of Compliance Wells -

S ^ 3 S ^ » ~ s s s . " 
q Regulated Unit -

^ K i a i s s a " ^ ^ 
r Release 

# 

'^&^X3^3&S^^ 
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s Solid Waste Management Unit (SWMU)-
# # Any discernible unit at which solid wastes have been placed at any time, irrespective of 
W whether the unit was intended for the management of solid or hazardous waste. Such 

units include any area at a facility at which solid wastes have been routinely and 
systematically released. 

t. All definitions contained in 40 CFR Sections 124.2, 260.10,264.141, 270.2 and 9 VAC 20-60-
12 are hereby mcorporated by reference into this Permit. Any of the definitions used 
Tn?k % T ^ h (s), shall supersede any definition given in 40 CFR Sections 124.2 
260.10, 264.141,270.2 and 9 VAC 20-60-12. Where terms are not defined in the ' 
regulations or the Permit, the meaning associated with such terms shall be defined by a 
skmdard dictionary reference or the generally accepted scientific or industrial meaning 
or the term. 6 

# 

# 



# 

7 a ^ o 7 n Z M : r a n C e A P P ' m ' ^ ^ CPA ,0 No VA,2,0020730 
= — Expiration Date August 16, 2024 

MODULE I . 

STANDARD CONDITIONS 

This Permit has been developed for Radford Army Ammunition Plant (Radford AAP) Units 5 

% ^ c % - ^ 
Montgomery County and unit 16 located in Pulaski County at latitude 37°11'12" to 49" North 

iH~as==Har 
Pemit m n g h a z a r d o u s wastes and various laboratory chemicals as specified in this 

L ^ n i u " C ° n d i t i 0 n S L A t h r ° U g h L H ' U ' ^ L L i n t W s m ° d u l e a p p l y t 0 b o t h u n i t s ' Unit 5 

LA. EFFECT OF PERMIT 

This Permit authorizes only the management of hazardous waste expressly described in 
this Permit and does not authorize any other management of hazardous waste 
Compliance with this Permit generally constitutes compliance, for the purposes of 

privilege; nor does it authorize any injury to persons or property, an invasion or other 

^ 2 ^ ° ^ ' ^ Compliancewith 

S S a S s f ^ s w ^ 
I B. PERMIT ACTIONS 

^ c F f r ^ 
permit modification, revocation and reissuance, or termination or the notification of 

i.e. 
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ID. DEFINITIONS 

and 9 VAC 20-60-17, unless this Permit specifically states otherwise; where terms are not 
otherwise defined, the meaning associated with such terms shall be as defined by a 
^andard dictionary reference or the generally accepted scientific or industrial meaning of 

I.E. 

(1) The Department will review the plans, reports, schedules and other documents 
^eremaAer collectively referred to as "subrmssion") submit 
Department approval. The Department will notify the Permittees in writing of the 
Department s approval or disapproval of each submission. 

(2) %the.evento^^ 

the Director shall specify the deficiencies in writing. Document review and 

Submissions) " w i t h P e r m i t S e c t i o n I L (Review & Approval of 

9 (3) Two (2) complete copies of all reports, notifications or other submissions which 
are required by this Permit to be sent or given to the Director of the Department 
shal by any method, provided they arrive at the Department of Environmental 
Quality by the date on which they are due. These submissions should be 
addressed to: 

Director 
Department of Environmental Quality 
Attn: Ms. Leslie Romanchik, Assistant Division Director 
Waste Permitting 
PO Box 10009 
Richmond, VA 23240-0009 
(804) 698-4129 
Street address: 
629 East Main Street 
Richmond, Virginia 23219 

and one (1) copy to: 
Director 
Blue Ridge Regional Office 
3019 Peters Creek Road 
Roanoke, Virginia 24019 
(540) 562-6700 
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(4) Each submission required under the schedule of compliance or required by this 
Permit (with the exception of data reports) is, upon approval by the Director 
incorporated into this Permit. Any noncompliance with approved submissions 
shall be deemed noncompliance with this Permit. 

I F. SIGNATORY REQUIREMENTS 

^ilTby # C ^ % f " ^ ^ ^ ^ ™* " 

L G - DOCUMENTS TO BE MAINTAINED AT THE FACILITY STTF 

The Permittees shall maintain at the facility, until post-closure care is completed and 
certified by the owner/operator and an independent professional engineer registered i 
Virginia, the following documents (as amended, revised and/or modified)-

• Personnel training documents and records required by 40 CFR 264.16 and this 
Permit. 

• Annually adjusted cost estimate for facility post-closure care required by 40 CFR 
264.142(b). 

• Operating record required by 40 CFR 264.73, Permit Condition II.G 1 and 
Permit Module I I I . 

• Inspection schedules and logs required by 40 CFR 264.15(d) and Appendix F of 
Permit Attachment 1. 

• Groundwater sampling and analysis plan required by 40 CFR 264.92 and this 
Permit. 

• Groundwater monitoring results required by 40 CFR 264.73(b)(6) and this Permit. 

• All other documents required by Permit Conditions I.H.9 and I.H.12. through 
I.H. 15. 6 

I H. DUTIES AND REQUIREMENTS 

I.H.1. Duty to Comply 

The Permittees shall comply with all conditions of this Permit, except to the 
extent and for the duration such noncompliance is authorized by an emergency 
permit(see40CFR27u.61). Anyomerperrmtnoncomplianceconstitutesa 
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promulgated there under and is grounds for enforcement action permit 
termination revocation and reissuance, modification, or denial 'of a permit 
renewal application. F 

I.H.2. Permit Expiration 

This Permit and all conditions herein will remain in effect beyond the permit's 

^ t p p ^ z c a ^ ^ s : ^ 
Director has not issued a new permit, as set forth in 9 VAC 20-60-270.B.5. 

I.H.3. Duty to Reapply 

^ t » ^ a a : c ^ % ^ 
obtain a new permit as specified below. 
(1) The Permittees shall submit a new and complete application for a new 

permit at least 180 days before the permit expires, unless a later date has 
been approved by the Director. 

^ 

^Wicanon to be submitted later man the exishng Permit^ 

I.H.4. Need to Halt or Reduce Activity Not a Defense 
= ~ ' ~ ^ = " ^ 

I.H.5. Duty to Mitigate 

IL!! 1 6 ^ofnoncompliance with the Permit, the Permittees shall take all 
reasonable steps to minimize or correct any adverse impact on the environment 

^ ^ z z ^ ^ ^ ^ ^ - ^ — 
I.H.6. Proper Operation and Maintenance 

=s==s==5E: 
. 
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I.H.7. Duty to Provide Information 
The Permittees shall furnish the Director within a reasonable time, any relevant 
information the Director may request to determine whether cause exists for 
modifying, revoking and reissuing, or terminating this Permit, or to determine 
comphancewiththisPermit. ThePermitteesshdlalsofurnishtheDirector,upon 
request, copies of records required by this Permit. 

I.H.8. Inspection and Entry 
The Permittees shall allow the Director or an authorized representative upon the 
presentation of credentials and other documents as may be required by law to: 

(1) Enter at reasonable times upon the Permittees' premise where a regulated 
facility or activity is located or conducted, or where records must be kept 
under the conditions of this Permit; 

(2) Have access to and copy, at reasonable times, any records kept under 
conditions of this Permit; 

(3) ^ectatreasonabletimesanyfacilities,eqmpment(mcludingmo 

mis P e S % 7 ™ ^ ' ° ' "%uMed or required under 

# (4) Sampleormomtor,atreasonableumes,formepurpos^ 
compliance or as otherwise authorized by 9 VAC 20-60-10 et seq any 
substance or parameters at any location. 

I.H.9. Monitoring and Records 

(1) Samples and measurements taken for the purpose of monitoring shall be 
representative of the monitored activity. The method used to obtain a 
repî sentative sample of the waste to be analyzed must be the appropriate 
method from Appendix I to 40 CFR Part 261 or an equivalent method 

M % % ^ ^ scr ied in Test 
Methods for Evaluating Solid Waste: Physical/Chemical Memô  
^edi t ion, S e p t ^ 
Attachment 2 and Appendix E of Permit Attachment 3 for Unit 5 and 
Unit 16, respectively. 

^ 
ofallmonitonngmm^ 
records and all original strip chart recordings for any continuous monitoring 
instrumentation, copies of all reports and records required by this Permit 
^records ofall data used to complete me application^^ 
the duration of the post-closure period. The Permittees shall maintain 
records from dlgroimdwatermomtonng wells and associated^ 

•

level surface elevations for the duration of the post-closure care period 
These periods may be extended by the Director at any time and are 
automaacally extended dunng me course ofany unresolved enforcement 
actions. 
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(3) Records of monitoring information shall specify: 

• The date, exact place, and time of sampling or measurements; 

• The individual(s) who performed the sampling or measurements; 

• The date(s) the analyses were performed; 

• The individual(s) who performed the analyses; 

" The analytical techniques or methods used; and 

• The results of such analyses. 

I.H. 10. Reporting Planned Changes 

The Permittees shall give written notice to the Director as soon as possible of any 
planned physical alterations or additions to the permitted Facility which will or 
has the potential to affect the Regulated Units or the associated groundwater 
monitoring system. This written notice shall include a detailed description of all 
incidents of noncompliance reasonably expected to result from the proposed 
changes. ^ 

I.H.11. Anticipated Noncompliance 
The Permittees shall give advance notice to the Director of any planned changes 
in the permitted Facility or activity which may result in noncompliance with the 
Permit requirements. 

I.H.12. Twenty-four Hour Reporting 

The Permittees shall report to the Director any non-compliance which may 
endanger human health or the environment. Information shall be provided orally 
within 24-hours of the Permittees becoming aware of the circumstances 
Information specified in Permit Conditions I.H.12.(1). and (2). shall be reported 
verbally within 24 hours: 

(1) Information concerning the release of any hazardous waste that may 
endanger public water supplies. 

(2) Any information of a release or discharge of hazardous waste, or of a fire or 
explosion at the Facility, which could threaten the environment or human 
health. The description of the occurrence and its cause shall include at a 
minimum: 

• Name, address, and telephone number of owner/operator; 

• Facility name, address, and telephone number; 
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• Date, time, and type of incident; 

• Name and quantity of material(s) involved; 

• The extent of inj uries, i f any; 

• Assessment of actual or potential hazard to human health and the 
environment outside the Facility; and 

• Estimated quantity and disposition of recovered material from the 
incident. 

(3) A written submission shall also be provided to the Director within five (5) 
days of the Permittees becoming aware of the circumstances. The written 
submission shall contain at a minimum the following: 

• Description of the noncompliance and cause; 

• The periods of noncompliance, including exact dates and times, and if 

# the noncompliance has not been corrected, the anticipated duration of 
the noncompliance; and 

• Steps taken or planned to reduce, eliminate, and prevent reoccurrence of 
noncompliance. 

(4) The Permittees need not comply with the 5-day written notice requirement 
only i f the Director waives that requirement following verbal notification 
(Permit Condition I.H.12.) and the Permittees submits a written report 
within fifteen (15) days of the time the Permittees becomes aware of the 
circumstances. 

I.H. 13. Other Noncompliance 

The Permittees shall report all other instances of noncompliance not otherwise 
required to be reported above, at the time monitoring reports are submitted The 
reports shall contain at a minimum the information listed in Permit Condition 
I .H.12. 

I.H. 14. Transfer of Permits 

This Permit may be transferred to a new owner or operator only if it is modified 
or revoked and reissued pursuant to 40 CFR 124.5, and 40 CFR 270.40 through 
43. Before transferring ownership or operation of the Facility during the Post-
closure Care Period, the Permittees shall notify the new owner or operator in 
writing of the requirements of 40 CFR 124, 264, and 270. 

# 
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I.H.15. Other Information 

Whenever the Permittees become aware that he failed to submit any relevant facts 
in the permit application, or submitted incorrect information in a permit 
application or m any report to the Director, the Permittees shall promptly submit 
such facts or information to the Director. 

L L PERMIT DURATION AND POST.CLOSURF PARF PPPinn 

This Permit shall be in effect for ten (10) years from the date of issuance (270.50(a)). 

The post-closure period for each hazardous waste management unit shall begin after 
completion of closure of the unit and continue for 30 years after that date (264.117W 

L 

1.1.1 UNIT 5 

The hazardous waste surface impoundment was closed on October 26 1989 the oost-

# closure cam p e n o d s h a ^ ^ 
manage this unit under a Post-closure Permit until October 26, 2019 or until the 
Director approves clean closure of the unit. 

1.1.2 UNIT 16 

UNIT 16 was operated from 1980 to 1988. The hazardous waste landfill was 

u n , i i 

I J ' EXTENSION OR REDUCTION O F POST-CI OSTTRE PERTOD 

I.J.1. Reduction 

The Permittees may requestareducuonm 
bHowmgcondmone^ 

sufficient to protect human health and the environment based upon: leachate or 
groundwatermomtonng^^ 

I.J.2. 
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human health and the environment (e.g., leachate or groundwater monitoring 
results indicate a potential for migration of constituents at levels which may be 
harmful to human health and the environment). (40 CFR 264.117(a)(2)(H)). 

# 

I K. COMPLIANCE PERIOD 
The Compliance Period is the period of time that the facility is required to remain in 
compliance with the Groundwater Protection Standards (GPS, Appendix G of 
Permit Attachment 2, and Appendix G of Permit Attachment 3 for Unit 5 and Unit 
16, respectively) in the uppermost aquifer beneath the unit at the point of compliance (40 
CFR 264.92 and 264.96). The compliance period is the number of years equal to the 
active life of the Regulated Units including any waste management activity prior to 
permitting, and closure period. The compliance period begins when the owner or 
operator initiates a compliance monitoring program, which is the effective date of the 
original Permit issued. The details for each unit are following: 

I.K.1 UNIT 5 

The closed surface impoundment (unlined from 1970 to 1981; lined from 1981 to 
1989) operated as the collection impoundment downstream from an acid tank farm 
from 1970 until final closure of the unsaturated soils in 1989. The compliance period 
during which the GPS (Appendix G of Permit Attachment 2) applies is nineteen 
(19) years. The original permit for unit 5 was issued on September 28, 2001. The 
compliance period, therefor, continues until October 28, 2020, or until'the Director 
approves clean closure of the unit. 

If at the end of the specified compliance period, the facility is engaged in a corrective 
action program, the compliance period shall be extended until the Permittees can 
demonstrate that the GPSs have not been exceeded at the point of compliance for a 
period of three (3) consecutive years (40 CFR 264.96(c)). 

I.K.2 UNIT 16 

The closed hazardous waste landfill consisted of a trench without a liner or leachate 
collection system. UNIT 16 was operated from 1980 to 1988 and the unit was 
certified closed on August 10, 1993. The compliance period during which the GPS 
(Appendix G of Permit Attachment 3) applies is (13) years from the effective date 
of this permit and continues until 2015, or until the Director approves clean closure of 
the unit. 

If at the end of the specified compliance period, the facility is engaged in a corrective 
action program, the compliance period shall be extended until the Permittees can 
demonstrate that the GPSs have not been exceeded at the point of compliance for a 
period of three (3) consecutive years (40 CFR 264.96(c)). 

I L. REVIEW AND APPROVAL OF SUBMISSIONS 
In response to a Notice of Deficiency concerning a submission, the Permittees shall 
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modify the submission to address the specified deficiencies within the time period 
established by the Director taking into account the tasks to be performed, and submit the 
revisions to the Department for approval. 

If the revised submission is not approved, the Director will notify the Permittees of the 
deficiencies in writing and specify a schedule for the Permittees to correct the 
deficiencies and resubmit the submission to the Department. The Permittees shall correct 
the deficiencies as directed by the Director and forward the revised submission to the 
Department within the time period specified. 

In the event the Permittees disagree with the Director's disapproval of the revised 
submission, the Permittees shall notify the Department in writing of its objections and 
the basis therefor, within fourteen (14) days of receipt of the Department's disapproval 
Such notice shall set forth the specific matters in dispute, the position the Permittees 
assert should be adopted as consistent with the requirements of the Permit, the basis for 
the Permittees' position and any matters considered necessary for the Director's 
determination. The Department and the Permittees shall have an additional fourteen (14) 
days from receipt of the notification to meet or confer to resolve any disagreement In 
the event agreement is reached, the Permittees shall submit the revised submission and 
implement the same in accordance with such agreement. If agreement is not reached 
within the 14-day period, the Department will notify the Permittees in writing of its 
decision on the dispute. 

# 
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MODULE I I . 

GENERAL FACILITY CONDITIONS 

The Permit Sections II.A, and II.D through I I I I in this module apply to both units, Unit 5 and 
Unit 16. 

H A. DESIGN AND OPERATION OF FACILITY 
The Permittees shall maintain and operate the facility, the location of which is shown by 
the location map, topographic map, and facility map (Appendix A of Permit 
Attachment 1), to minimize the possibility of fire, explosion, or any unplanned sudden 
or non-sudden release of hazardous waste constituents to the air, soil, or surface water 
which could threaten human health or the environment. 

H B. FACILITY DESCRIPTION AND SITE IDENTIFICATION 
The facility, Radford Army Ammunition Plant, is located in the mountains of 
southwestern Virginia within Pulaski and Montgomery Counties. The site location map 
is presented in Appendix A of Permit Attachment 1. The installation consists of two 
noncontiguous areas - the Radford Unit (or Main Section) and the New River 
Ammunition Storage Area Unit. The Main Section is located approximately 4 miles 
northeast of the city of Radford, approximately 10 miles west of Blacksburg and 47 
miles southwest of Roanoke, Virginia. The New River Unit is located approximately 6 
miles west of the Main Section, near the town of Dublin, Virginia. The New River 
divides the Radford Army Ammunition Plant into two areas (see Appendix A of Permit 
Attachment 1). The southern area, which comprises approximately two-thirds of 
Radford Army Ammunition Plant, is called the "Main Plant Area." The remaining 
northern one-third section is called the "Horseshoe Area," and is located within a 
meander of the New River. 

Forty three (43) Solid Waste Management Units (SWMUs) (Appendix A.4 of Permit 
Attachment 1) and six (6) HWMUs (see Appendix L of Permit Attachment 1) are 
located in both the Main Plant Area and the Horseshoe Area. This permit includes two 
(2) Hazardous Wastes Management Units: Unit 5 and Unit 16. 

The Radford Army Ammunition Plant is a government-owned, contractor-operated 
(GOCO) military industrial installation supplying solvent and solventless propellant 
grains and trinitrotoluene (TNT) explosives. From its inception as a GOCO installation 
in 1940 until 1995, the Radford Army Ammunition Plant was operated by Hercules 
Incorporated. On March 15,1995 Alliant Techsystems, Incorporated acquired Hercules 
Incorporated and took over operation of the Radford Army Ammunition Plant. BAE 
Systems, Ordnance Systems Inc. became the operating contractor on July 1, 2012. 
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Construction of the Radford Army Ammunition Plant began in 1940. Initially, the 
Radford Army Ammunition Plant consisted of two distinct areas - a smokeless-powder 
plant (Radford Ordnance Works [ROW]) and a bag-manufacturing and loading plant for 
artillery, cannon, and mortar projectiles (New River Ordnance Works [NROW]). These 
two production facilities were operated separately from 1940 to 1945. Late in 1945, 
ROW was designated as the Radford Arsenal, and NROW was designated as a subpost. 
By January 1950, NROW was made an integral part of the Radford Arsenal and no 
longer considered a subpost. The arsenal was renamed Radford Ordnance Plant in 1961 
and was finally redesignated as the Radford Army Ammunition Plant in August 1963. 

Expansion of both ROW and NROW continued throughout World War II . Late in 1945, 
the Radford Unit was placed on standby status. The following year, the nitric acid area of 
the plant was reactivated to produce ammonium nitrate fertilizer, an activity that 
continued until 1949 under contract with Hercules Powder Company (later Hercules 
Incorporated). In September 1945, the NROW was declared surplus; but in April 1946, 
the magazine areas were changed from surplus to standby status. Between December 
1946 and January 1948, large parcels of the NROW plant manufacturing area were sold. 
These parcels were excess land holdings that had never been used for production 
purposes. Between 1952 and 1958, the Goodyear Aircraft Corporation was contracted to 
manufacture component parts used in missile production at the Radford Army 
Ammunition Plant. In 1958, Hercules took over the Goodyear operations at the Plant. In 
mid-1968, the continuous TNT plant was put into production and remained in operation 
until destroyed by an explosion in May 1974. The TNT plant was restarted in 1983 and 
operated until 1986. In December 1988, a facility cleanup was conducted and the TNT 
plant was prepared for long-term standby status. Between 1990 and 1992, two 
nitroglycerin lines were modernized and went back into production as needed. 

The general responsibilities assigned to the Radford Army Ammunition Plant include: 

• Manufacturing of explosives and propellants; 

• Handling and storage of strategic and critical materials as directed for other 
government agencies; 

• Operation and maintenance, as directed, of active facilities in support of 
current operations. Maintenance and/or lay-away in accordance with 
Ammunition Procurement and Supply Agency instructions, of standby 
facilities, including any machinery and packaged lines received from 
industry, in such conditions as will permit rehabilitation and resumption of 
production within the time limitations prescribed; 

• Receipt, surveillance, maintenance, renovation, demilitarization, salvage, 
storage, and issue of assigned Field Service Stock and industrial stock as 
required or directed; 

• Procurement, receipt, storage, and issue of necessary supplies, equipment, 
components, and essential materials; 
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• Mobilization planning, including review and revision of plant as required; 

• Custodial maintenance and administrative functions of subinstallations; and 

• Support services for tenants. 

These responsibilities are met through the efforts of the operating contractor, BAE 
Systems Ordnance Systems Inc.. The Administrative Contracting Officer (ACO) and his 
staff provide technical assistance and administer the contracts with the civilian operating 
contractors. Radford Army Ammunition Plant also provides logistics support for tenant 
activities. 

Production at Radford Army Ammunition Plant is accomplished at the primary and 
secondary manufacturing areas. The primary manufacturing processes include the 
production of single-base and multi-base solvent propellents, cast and solventless 
propellants, and TNT. From 1941 to present the principle products at Radford AAP have 
been single or multi base solvent and solventless propellants. TNT has only been in 
operation at Radford AAP from 1968-1974 and from 1983-1986. The secondary 
(intermediate) manufacturing processes include the production of oleum (concentrated 
sulfuric acid), nitric acid, nitroglycerine (NG), and nitrocellulose (NC) Oleum 
operations ceased in the mid to late 1980's and is no longer manufactured at Radford 
AAP In 1999 a Medium Caliber Ammunition Load Assemble and Pack operation was 
started. 

Production at Radford Army Ammunition Plant is accomplished at the primary and 
secondary manufacturing areas. The primary manufacturing processes include the 
production of single-base and multi-base solvent propellants, cast and solventless 
propellants and TNT. The secondary manufacturing processes include the production of 
oleum, sulfuric and nitric acids, nitroglycerine, and nitrocellulose. 

II.B.1 UNIT 5 

Unit 5 is a closed lined neutralization pond. It is located on a river terrace which 
gently slopes to the north towards the New River. This pond was operated as an 
unlined pond prior to being retrofitted with a liner in 1981. Leakage from the unit 
may have occurred prior to the installation of the liner. Numerous karst features 
predominantly sinkholes, are near this unit. 

II.B.2 UNIT 16 

Unit 16 is located within the Horseshoe Area of the New River and is a hazardous 
waste trench located within a solid waste landfill. Several sources, the Soil 
Conservation Services and consultant reports, indicated that the unit is located within 
a karst dominated area. The unit is underlain by clay, silty sands, gravels and 
limestone. The clay and silt deposits can be up to 38 feet thick. The overburden 
materials are terrace deposits. The bedrock is the Elbrook Formation which is 
encountered at a depth of 50 to 60 feet on the west end and at 70 feet on the east end 
The formation is highly fractured and fragmented with breccia, vugs, and solution 
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H C. GENERAL WASTE ANALYSIS 
The general chemical and physical analysis of the wastes handed in the facility for each 
unit are addressed as in the following. 

H.C.I UNIT 5 

During its operation, the lined neutralization pond received stormwater runoff, spilled 
liquids, and washdown waters from an acid tank farm. The effluent from UNIT 5 
was discharged to an equalization basin (HWMU 4). The primary function of UNIT 
5 was to hold acidic waste waters prior to discharge to an equalization basin. The 
wastes deposited in UNIT 5 were characteristically hazardous as corrosive (D002) 
The waste waters in UNIT 5 were both nitric (N0 3) and sulfuric (S04) in 
composition. The pH of the surface impoundment was 1.5 and the dominant 
components of the hazardous wastes sent to the unit were the noted mixed acids 
Several heavy metals were detected in low concentrations. A description of all wastes 
and waste constituents that were ever known to have been discharged to the closed 
surface impoundment is provided in Appendix C of Permit Attachment 2 This 
description is based upon information provided by the Facility. 

II.C.2 UNIT 16 

UNIT 16 is a closed hazardous waste landfill, which is closed in accordance with the 
regulations promulgated under the authority of the Resource Conservation and 
Recovery Act (RCRA) of 1976. Hazardous wastes and other waste known to have 
been disposed of within HWMU-16 included 3898 tons of ash from the burning of 
n n f i m n ^ ' r % T * explosives-contaminated material (EPA Hazardous Waste Code 
D003, D004, D007 and D008; arsenic, cadmium, chromium and lead), 545 tons of 
wastewater treatment sludges (EPA Hazardous Waste Code K044 and K045 with the 
characteristic of ignitability, corrosivity or reactivity), 6 tons of asbestos, and various 
laboratory chemicals. Additionally, the following wastes were disposed of in UNIT 
16 m unknown quantities: ash from waste propellant incinerator (EPA Hazardous 
r f Aom waste propellant burning (EPA Hazardous Waste 
code D003), residue from explosive contaminated waste burning (EPA Hazardous 
Waste Code D003), Sulfur Acid Regeneration (SAR) area fume burner ash (EPA 
Hazardous Waste Code D006 and D007), sludges from Bioplant Building 470 (EPA 
Hazardous Waste Code K044), and NG 2 Pretreatment Building 9410 (EPA 
Hazardous Waste Code K044). 

From the beginning of disposal activities at Unit 16, reactive wastes were incinerated 
or open burned prior to disposal in the unit. However, several heavy metals were 
detected during EP toxicity analyses conducted on ash residues disposed in the Unit 

•

Furthermore, several of the laboratory chemicals disposed of within the Unit are 
listed. A complete listing of the wastes contained in the Unit is presented in 
Appendix C of Permit Attachment 3. 
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The groundwater has been monitored since 1981 as part of the requirements of RCRA 
interim status. The Unit was certified as closed in 1993 with all waste materials 
remaining m place and a final cover system has been provided. No waste has been 
managed in Unit 16 since it was closed. 

The pnmary contaminants of concern at Unit 16 are lead, the explosive-related 
compounds 2,4,6-TNT;2,4-DNTand2,6-DNT), several purged 
compounds (acetone, ethyl ether, and toluene), and a few of the base-neutral 

A description of all hazardous wastes and waste constituents, which were ever known 
W have been discharged to and which were suspected to have been placed in the 

Samphng constituents (Appendix I of Permit Attachment 1), that have been 

2:Zi=eZztrreasonably expec,ed ,o ̂ f ™ «* 
H.D. SECURITY 

H.E. GENERAL INSPECTION REQUIREMENTS 
The Permittees shall follow the inspection plan set out in Appendix F of Permit 

S » s » « « s s s 3 s s s r by 40 CFR Section 264.15(d). 

II.F. PERSONNEL TRAINING 

» % : ^ 

snail maintain training documents and records (40 CFR Section 264.16(e)). 

H.G. RECORDKEEPING AND REPORTING 

II.G.l. Operating Record. 
Pursuant to 40 CFR Section 264.73, the Permittees shall maintain a written 
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operating record at the Facility. The record can be a compilation of various 
documents and shall include, but not be limited to, the information listed below. 

(1) The following records shall be maintained until post-closure is complete and 
certified: 

(a) Records of spills and releases required by existing environmental laws, 
including, but not limited to Section 103 of the Comprehensive 
Environmental Response, Compensation and Liability Act; 

(b) Written reports and records of verbal notification to the Director to 
address releases, fires, and explosions; 

(c) All reports of noncompliance pursuant to Permit Condition I.H.11.; 

(d) All submittals prepared pursuant to Permit Condition I.H.12.; 

(e) Records of all monitoring information pursuant to Permit Section 
I.E.; and 

(f) Training records of current Facility personnel. 

(2) The following records shall be maintained for a minimum of 3 years. This 
time period may be extended by the Department in the event of enforcement 
action or notification by the Department that an investigation is ongoing. 

(a) Generator Biennial Reports submitted in compliance with 40 CFR 
Section 262.41; 

(b) Facility Biennial Reports submitted in compliance with 40 CFR 
Section 264.75; 

(c) Training records of former Facility personnel; and 

(d) Records of all inspections, pursuant to 40 CFR Section 264.15, which 
shall include at a minimum: 

• The date and time of the inspection; 

• The name of the person performing the inspection; 

• A notation of the observations made; and 

• The date and nature of any repairs or remedial actions. 

(3) Current copies of the following documents as amended, revised, and 
modified shall be maintained at the Facility until post-closure and corrective 
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action are complete and certified: 

(a) Training Plan; and 

(b) All closure, post-closure, interim measures, and final corrective action 
cost estimates; financial assurance documents prepared pursuant to this 
Permit; and the company names and addresses of Facility insurers. 

II.G.2. Required Reports. 

reporting -

U H - FQS

ST.cmsrRpF A N P F " V A N r r A ' """'RANCK POP „ . r „ — 

Pursuant to Subpart H to 40 CFR 264 - Financial Requirement. The federal 

-
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MODULE I I I . 

POST-CLOSURE CARE 

The Permit Sections III.B through III.G in this Module apply to both units: Unit 5 and Unit 16. 

Systems Ordnance Systems Inc., Route 114, Radford, Virginia, 24143-
U1UU (540-639-7785), and Mr. James McKennaof the Department of the Army ACOP staff 
Route 114 Radford, Virginia24143-0002 are me designated persons 
this post-closure permit during the post-closure care period. 

I H A. UNIT IDENTIFICATION AND CLOSURE CONSTRUCTION 

III.A.1 UNIT 5 

UNIT 5 is a single hazardous waste management unit (HWMU) for the purposes of 
groundwater monitoring. The waste is remained in place at closure. Therefore the 
Permittees are required to conduct post-closure care for the HWMU in accordance 
with the terms and conditions of this permit. The basic closure construction includes 
a cap and a liner. 

The closed Unit 5 has been capped with a composite liner consisting of (from ground 
surface to base of cap): 

• Vegetative cover; 
• Two feet of topsoil; 
• One foot of drainage layer (10"3 cm/sec permeability); 
• A 30 mil PVC membrane liner; and 
• Two feet of clay (10"7 cm/sec permeability). 

Details of the cap construction and effectiveness are presented in the closure plan for 
the Unit (Appendix C to Permit Attachment 1). 

UNIT 5 was put into operation as an unlined surface impoundment in 1970 and was 
retrofitted with a liner in 1981. The Unit's dimensions were approximately 150 feet 
by 100 feet at the top of the berm. The berm rose 10 feet above the base of the 
impoundment. The impoundment was taken out of operation in 1986. 

HI.A.2 UNIT 16 

The hazardous waste landfill closure details and specifications are included in 
Appendix C to Permit Attachment 1. UNIT 16 consisted of a trench measuring 
approximately 60 feet width, 400 length and 10 to 14 depth feet. The trench was 
constructed without a liner or leachate collection system. The hazardous waste 
landfill unit trench was first used in 1980. Waste disposal within the Unit began in 
1980. The trench had an estimated capacity of 6,000 cubic yards, and was filled to 
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approximately 80% of its capacity. 

The closure construction included leachate drain installation and cover system 
installation. The final cover system consists of one foot of topsoil with grass cover; 
one foot of cover soil; one foot of drainage sand layer, a 30-mil PVC membrane cap; 
and a two-foot thick clay cap. 

IH B. POST-CLOSURE PROCEDURES AND USE OF PROPERTY 

III .B. l . Post-closure Care 
The Permittees shall conduct post-closure care for the hazardous waste 
management units listed in Permit Sections I I I .A . l (Unit 5) and IILA.2 (Unit 
16), for a period of thirty (30) years after final closure certification was accepted 
by Department. The specific date for each unit is listed Permit Section LI . The 
30-year post-closure care period may be shortened upon petition and 
demonstration by the facility, i f the Director determines that the facility is secure. 
Conversely, the post-closure care period may be extended if the Director finds 
this necessary to protect human health and the environment in accordance with 40 
CFR 264.117(a)(2). 

III.B.2. Groundwater System Maintenance 
The Permittees shall maintain and monitor the groundwater system and comply 
with all other applicable requirements of 40 CFR 264.90 during the post-closure 
care period in accordance with 40 CFR 264.117(a). 

III.B.3. Post-closure Use 
The Permittees shall not allow any post-closure use in Permit Sections I I I .A. l 
(Unit 5) and IILA.2 (Unit 16) that would disturb the integrity or the function of 
the facility's monitoring systems and cover during the post-closure care period in 
accordance with 40 CFR 264.117(c). 

III.B.4. Post-closure Plan 
The Permittees shall implement the Post-closure Plan in accordance with 
Appendix C to Permit Attachment 1. All post-closure care activities must be 
conducted in accordance with the provisions of the Post-closure Plan and 40 
CFR 264.117(d) and 40 CFR 264.118(b). 

III.C. INSPECTIONS 

The Permittees shall inspect the components, structures, and equipment at the site in 
accordance with the Inspection Requirements of Appendix F of Permit Attachment 1 
and 40 CFR 264.117(a)(l)(ii). 
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HID. SECURITY 

The Permittees shall maintam security at t k 
in accordance with Appendix E of Permit Attachment 1, and 40 CFR 264.117(b). ' 

H I E. NOTICES AND CERTIFICATION 

III .E. l . Notices 

I f the Permittees or any subsequent owner or operator of the land upon which any 
of or all four units were located, wish to remove hazardous wastes and hazardous 
was e residues, or contaminated soils, or contaminated groundwater, then they 
shall request modification to this Post-closure Permit in accordance with the 
applicable requirements in 40 CFR Section 264.119(c) and 40 CFR 270 42 The 
Permittees or any subsequent owner or operator of the land shall demonstrate that 
me removal of hazardous wastes will satisfy the criteria of 40 CFR 264.117(c). 

III.E.2. Certification 
N o l a t e r ^ s i x t y ^ 
period, the Permittees shall submit, by registered mail to the Director for 
approval, a certification that the post-closure care for the hazardous waste 

# ^p^^^^^^^r-
s u o Z Z r ^ Documentation 
supporting the independent, registered professional engineer's license and 
certification must be furnished upon request. 

H I E. FINANCIAL ASSURANCE 
Financial assurance is not required for the federal facility. 

I I L G - POST-CLOSURE PERMIT MODIFICATIONS 

mmmm 
# 
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M O D U L E I V . 

GROUNDWATER D E T E C T I O N M O N I T O R I N C 

IV.A. HIGHLIGHTS 

None of the two units (HWMU 5 or 16) are now in detection monitoring. 

IV.A.1 UNIT 5 

At the time of the GWQAP report (August 1999), eleven inorganic constituents, three 
volatile organic constituents, and two explosive/propellant constituents had been 
historically detected in the groundwater monitoring network at UNIT 5, at statistically 
significant concentrations above calculated background concentrations. 

In summary, from the first quarter of 1996 to the first quarter of 1999, the concentrations 
of antimony, beryllium, 2-6 dinitrotoluene, lead, thallium, trichloroethene and bis(2-
ethylhexyl)phthalate are historical maximums that were recorded prior to the 
establishment of groundwater protection standards in the permit, for the monitored 
constituents proposed by the facility in point of compliance wells at Unit 5. 

IV.A.2 UNIT 16 

Groundwater samples from the Unit 16 area have been collected and analyzed since 1981 
in compliance with the Virginia Hazardous Waste Management Regulations 
Groundwater quality assessment data indicated that the groundwater in the Unit 16 area is 
contaminated by low levels of DNT and halomethane compounds. The nearby former 
TNT neutralization sludge disposal trench was identified as source of the DNT 
contamination. Well 16-4 is the most contaminated well and is very close to the former 
TNT trench. Radford AAP has submitted Annual Groundwater Monitoring Reports for 
Unit during the period that Unit 16 has been under interim status. 

Historically, from 1992 through 1998 at least the following constituents were detected in 
downgmdient wells: Cyanide,Xylene(Total), TOG, TOX, Antimony, Arsenic^ 
Beryllium, Cadmium, Chromium, Cobalt, Copper, Lead, Mercury, Nickel, Selenium 
Silver, Thallium, Vanadium, Zinc, Bromoform, Carbon Tetrachloride, Chloromethan'e 
(methyl chloride), di-n-Butylphthalate (2-Benzenedicarboxylic acid dibutyl ester) 1 4-
Dichlorobenzene, Dichlorodifluoromethane, 1,1 -Dichloroethane, 1,2-Dichloroethane 
2 4-Dimtrotoluene (2,4-DNT), and 2,6-Dinitrotoluene (2,6-DNT), Ethylbenzene, Methyl 

•

ethyl ketone (MEK, 2-Butanone), 1,1,2,2-Tetrachloroethane, Trichloroethene, Toluene 
trans-1,2-Dichloroethylene, 1,1,1 -Trichloroethane, 1,1,2-Trichloroethane 
Tnchlorodifluoromethane,Tetryl (trinitrophenylmethylnitramine), and Vinyl chloride 
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Potential hazardous constituents include a series of Polychlorodibenzofuran compounds 
(TCDF -Tetrachlorodibenzofuran, PECDF - Pentachlorodibenzofuran, HPCDF -
Hexachlorodibenzofuran, HPCDF - Heptachlorodibenzofuran, and OCDE -
Octachlorodibenzofuran). 

# 
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MODULE V. 

GROUNDWATER COMPLIANCE MONITORING 

The Permit Sections V.H, I and K through V.O in this Module apply to both units: Unit 5 and 

V.A. HIGHLIGHTS 
Radford AAP is implementing a compliance monitoring program because a groundwater 
quality assessment monitoring program was established prior to the Permit issuance. 

H W M T ^ f ? ^ 

permitting schedule for the HWMUs. It was agreed that a revised GWQAP report would 
b^prep^ed for each individual HWMU mmer man w But at 
2001 after a negotiation between VA DEQ and the facility an agreement has been ' 
achieved to issue one consolidated Permit, which is this permit. 

V.A.I. UNIT 5 

Historically, the Permittees determined that hazardous waste constituents were found in 
groundwater at levels statistically higher than background; therefore, groundwater 

— I S ™ ^ 
V.A.4. UNIT 16 

From historic data, the Permittees determined that a plume of contamination had been 
released at the pomt of compliance for UNIT 16. At least forty three (43) hazardous 
e v e n t s have been 
UNIT 16 (see Appendix E of Permit Attachment 3). Data collected in previous 
investigations clearly indicated that groundwater was being impacted Therefore the 
groundwater is being monitored in the Compliance Monitoring Program. 

V B. HISTORICAL OVERVIEW 

V.B.I. UNIT 5 

r 
Ground Water Assessment Report for SWMU's 4,5,7 was submitted in 1985 The Phase 

•
I report included hydraulic conductivity, ground water flow and rates, and chemical 

analyses. Alsom 1985, the Permittees submittedaGWQAP report on additional ground 
water monitoring wells with an associated earth resistivity study for HWMUs 4 5 7 and 
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16. The Unit 5 was closed 1989. The Permittees submitted interim GWQAP reports and 
modifications to the GWQAP in 1987,1988, 1992,1993, and 1995 for HWMUs 4,5,7, 
and 16 jointly. In August, 1999, the facility submitted a last Groundwater Quality 
Assessment Report (GWQAR) in the Post-closure Care Permit Application Part B for 
Unit 5. In this GWQAR historical Isoconcentration Maps were produced to depict 
constituent plumes in the groundwater beneath the Unit 5 using the historical maxmum 
concentrations for the constituents monitored at the Unit 5 for the time periods of 1992 
through 1995 and 1996 through First quarter 1999. 

V.B.2. UNIT 16 
A final GWQAR for the unit was submitted with the Post-closure Care Permit 
Application Part B together. In order to evaluate the shape and position of constituent 
plumes over time, historical Isoconcentration Maps were developed to illustrate the 
lateral extent of the combined inorganic metals, the combined volatile organic 
constituents, and the combined explosive/propellant constituents using the historical 
maximum concentrations for the constituents (see Appendix F to Permit Attachment 5) 
monitored at the site for the time periods of 1992 through 1995 and 1996 through 1998. 

V.C. SITE HYDROGEOLOGY 

V.C.I Geologic Setting 
This part applies the whole facility. 

The geological and stratigraphic map is provided in Appendix A.2 of Permit 
Attachment 1. 

The facility is situated in one of a series of narrow valleys typical of the Valley 
and Ridge physiographic province of the Appalachian Highland region of North 
America. Oriented in a northeast-southwest direction, the valley is approximately 
25 miles long. The valley has width of approximately eight miles at the 
southwest end and narrows to approximately two miles at the northeast end. 
Radford AAP lies along the New River in the relatively narrow northeast corner 
of the valley. The maximum elevation at Radford AAP is 2225 feet above mean 
sea level (amsl) in the southeast corner and the minimum elevation is 
approximately 1675 feet amsl along the New River at the northern property 
boundary. 

The valley and Ridge physiographic province consists of folded and thrust-faulted 
Paleozoic sedimentary rocks ranging in age from Cambrian to Mississippian. 
Post-deformation weathering of these thrust-faulted and overturned Paleozoic 
rocks has resulted in the formation of resistant sandstone and dolomite ridges 
separated by valley underlain by more easily eroded shale and limestone. Well 
developed karst features such as sinkholes and caves are common in the Valley 
and Ridge. 



# 
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The general geology at Radford AAP consists of limestone/dolomite bedrock 
covered by weathered residual deposits and/or alluvial deposits. The alluvial 
deposits consists of typical fluvial deposits of interbedded clay, silt, and 
sand/gravel deposits with cobble lenses. The thickness of the alluvial deposits 
ranges from a few feet to approximately 50 feet, with an average thickness of 20 
feet. The residual deposits consists of clay, silt, and clasts resulting from the 
physical and chemical weathering of the parent bedrock. The residual deposits 
typically underlie the alluvium, except in locations where the residuum has been 
eroded to bedrock and replaced by alluvium. The thickness of the residual 
deposits ranges from a few feet to approximately 40 feet. Underlying the 
alluvium and residuum throughout most of Radford AAPis a series of dolomite 
limestone, and shale atrata known as the Cambrian-aged Elbrook Formation The 
Elbrook formation is the major outcropping formation as well as the predominant 
karstic formation below the facility. Sinkholes, solution channels, pinnacled 
surfaces, and springs are common to the Elbrook Formation. 

V.C.2 Karst Trace Analysis 
This part applies the whole facility. 

A . A fracture trace map is provided in Appendix A.3 of Permit Attachment 1. 

(1) Fracture Trace Analysis 
A total of 66 fracture traces were identified within and around Radford AAP 
m a photogeologic study conducted by the USEPA's Environmental 
Photographic interpretation center (EPIC) in 1992. Fracture traces are linear 
features identified in aerial photographs that represent the surface expression 
of primary joint sets, major fractures, and/or zones of fracturing in the 
subsurface. These features may be expressed as soil-tonal variations and 
vegetational and topographical alignments, and are significant in 
consideration of groundwater flow at Radford AAP. The fractures and joint 
sets can act as discrete conduits for groundwater flow, increasing flow rates 
and in some cases, redirecting flow away from the expected flow direction ' 
In Karst terrains, such features are environmentally significant because 
solutiomzation and resulting conduits develop along bedding plans as well as 
fractures and joints. 

The primary traces identified at Radford AAP in the 1992 USEPA EPIC 
study are illustrated on the Fracture Trace Map (Appendix A.3 of Permit 
Attachment 1). The bedding plane structures, seen as ledges in the New 
River channel, are also illustrated on the Fracture Trace Map. 

•

(2) Sink Hole Delineation 
The locations of sinkholes at Radford AAP were also mapped during the 
1992 USEPA EPIC study (Fracture Trace Map in Appendix A.3 of Permit 



Post-Closure Permit Reissuance Application DRAFT Radford AAP EPA ID No VA12I0020730 
Page 29 of 79, Module V = Expiration Date August 16, 2024 

Attachment 1). In the vicinity of Radford AAP, the strike of bedding in the 
Elbrook Formation is roughly west/northeast, with dips to the 
south/southeast. As shown on the Fracture Trace Map, the orientation of 
bedding can be seen in the nearly east-west alignment of sinkholes at 
Radford AAP and surrounding areas. Most of the sinkholes in the area are 
oval shaped and elongated with respect to the strike of bedding planes. In 
some instances, the sinkholes appear to align with respect to the fracture 
traces. The sinkholes most likely represent bedrock units with a greater 
carbonate content and lower shale content within the underlying Elbrook 
formation (USEPA, 1992). 

(3) Dry Trace Results 
In September 1993 through December 1993, engineering-Science, Inc. of 
Fairfax, VA conducted a dye-trace test to identify hydrologic connections 
between areas of groundwater recharge (upland sinkholes) in the south-
central portion of Main Plant and their respective discharge areas around the 
facility. The south-central portion of the Main Plant area is characterized by 
numerous sinkholes and a deep water table. The karst development within 
the underlying folded limestone and dolomite of the Elbrook Formation 
likely has a significant influence on groundwater flow through the bedrock in 
this area. 

V.C.3 Occurrence of Groundwater 
The general hydrogeological setting at Radford AAP is characterized by porous 
alluvial sediments overlying weathered and unweathered dolomite and limestone. 
In areas where the porous allluvial sediments are the uppermost water-bearing 
zone, groundwater flow is generally from topographically high areas to 
topographically low areas. In some areas of Radford AAP, the uppermost water
bearing zone is within the limestone and dolomite bedrock. The karst features 
within the bedrock aquifer can provide conduits for rapid transport of 
groundwater to the New River, which is the discharge area for regional 
groundwater flow. 

Seasonal variations in precipitation can affect the direction of groundwater flow 
within the bedrock aquifer at Radford AAP. During wet seasons (high flow 
conditions), groundwater flow may occur in higher elevation conduits that are not 
normally saturated during dry seasons (low flow conditions). As a result, flow 
may short-circuit the predominant flow paths and be redirected, discharging in 
unexpected areas. 

In addition to seasonal variations, groundwater levels within the bedrock aquifer 
may fluctuate dramatically during heavy precipitation events. Groundwater levels 
in the karst bedrock aquifer generally respond to heavy precipitation within 
approximately 14 hours, and may rise several feet in a short time (Engineering-
Science, 1994). This condition exists throughout Radford AAP, especially in 
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areas where surface water infiltrates through these conduits, stormwater 
infiltrating in the uplands of the facility may discharge to the New River in a 
matter of a few days following a storm event. The turbulent flow created by these 
conditions aerates the infiltrating water. The increased 0 2 content can 
significantly affect the chemistry of the groundwater, increasing the concentration 
of many commonly occurring inorganic analytes. It is this direct connection 
between surface water and groundwater and the rapid movement of groundwater 
through the aquifer that is vital to interpreting the migration of both naturally 
occurring and released constituents in the groundwater at Radford AAP. 

V.C.I. UNIT 5 

V.C.I.a Geology/Structure 
Geological Cross Sections are presented in Appendix A.2 of Permit Attachment 
2. Bedrock below the unit is generally encountered at a depth ranging from 28 to 
over 56 feet below ground level, with alluvial sediments and weathered bedrock 
residuum overlying the bedrock. It is characterized by -floaters", depressions and 
pinnacles resulting from differential physical and chemical weathering influenced 
primarily by the structural, depositional, and mineralogical nature of the 
uppermost lithologic unit (i.e, predominantly brecciated, shaley, or crystalline 
carbonate). The shaley units of the Elbrook Formation tend to be more resistant 
resulting in pinnacles or bedrock highs. In general, the bedrock below the 
southern portion of the unit slopes downward to the north-northeast, while the 
bedrock to the north of the unit slopes downward to the south-southwest This 
appears to indicate the development of a sinkhole in the vicinity of monitoring 
well cluster 5WC21, 5WC22, and 5WC23. The area around Unit 5 is 
characterized by the development of sinkholes without any apparent alignment or 
preferred orientation. The fracture lineations identified during the fracture trace 
analysis, however, appear to be oriented radially, trending northeast-southwest to 
northwest-southeast in the area of Unit 5. It is probable that there are well 
developed karst conduits which convey aerated surface water during precipitation 
events from the upland sinkholes through these solution-enhanced fractures and 
joints towards the New River at relatively rapid velocities. 

V.C.I.b Groundwater Movement 
Groundwater elevation (potentiometric surface) and flow direction maps are 
provided in Appendix A.3 of Permit Attachment 2. GW is encountered at 
depths ranging from 9 feet to 18 feet bgl with the water table generally located at 
or just above alluvium/weathered residuum interface. GW level fluctuation in this 
zone do not appear to exceed 2 to 5 feet annually over most of the site; however 
GW levels fluctuated by as much as 8 feet in the farthest downgradient locations 
(wells 5W10A and 5W11 A) in 1994. These farthest downgradient wells are the 
only monitoring wells that appear to be screened across the bedrock/weathered 

m m residuum interface. Groundwater movement beneath the unit is generally to the 
north-northeast towards the New river. The groundwater contours and the 
topography in this unit suggest that the unit is located on a river terrace that 
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contains several sinkholes and drains north toward the New River. 

V.C.2. UNIT 16 

V.C.2.a Geology/Structure 
Geological Cross Sections are presented in Appendix A.2 of Attachment 3. 
Bedrock below the unit is generally encountered at a depth ranging from 30 to 70 
feet below ground level (bgl), although the soil/bedrock interface is gradational. 
It is characterized by "floaters", depressions and pinnacles resulting from 
differential physical and chemical weathering influenced primarily by the 
depositional and mineralogical nature of the uppermost lithologic unit (i.e. 
predominantly shaley, or crystalline carbonate). The shaley units of the Elbrook 
Formation tend to be more resistant, resulting in pinnacles or bedrock highs. In 
general, the bedrock below the unit slopes to the east and south towards the New 
River. The area around Unit 16 is characterized by the development of sinkholes 
without any apparent alignment or preferred orientation. The fracture lineations 
identified during the fracture trace analysis, however, appear to be oriented 
radially, trending east-west to north-south from the crest of the horseshoe towards 
the New River. It is probable that there are well developed karst conduits which 
convey aerated surface water during precipitation events from the upland 
sinkholes through these solution-enhanced fractures and joints towards the New 
River at relatively rapid velocities. 

V.C.2.b Groundwater Movement 
Groundwater elevation (potentiometric surface) and flow direction maps are 
provided in Appendix A.3 of Permit Attachment 3. GW is encountered at 
roughly 40 feet bgl with the water table generally located at or just above the soil 
bedrock interface. Groundwater fluctuations in this zone do not appear to exceed 
2 to 4 feet annually, although individual wells tapping karst conduits could show 
dramatic fluctuations following storm events. Groundwater movement beneath 
the unit is generally to the east-northeast towards a spring located roughly 500 
feet northeast of Unit 16. The groundwater contours and the topography in this 
unit suggest that the unit is located on top of a structural swale which directs 
water towards the spring. 

V D ' COMPLIANCE MONITORING SYSTEM AND SAMPLING SCHEDULE 

V.D.I. UNIT 5 

V.D.l.a. Groundwater Monitoring System 
The Compliance Monitoring Program requires monitoring at the background well 

^ g ) (s), Point of Compliance Wells and at all wells designated as Plume Monitoring 
Wells semiannually in single samples. Static groundwater elevations (as made 

# 
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applicable by Permit Condition V.H.) will be measured at all wells specified in 
V.D.l.a.(l), (2), and (3) during each sampling event. The groundwater 
monitoring system follows: 

(1) The groundwater beneath the closed WMA shall be monitored with one 
upgradient groundwater monitoring well and five (5) downgradient point of 
compliance wells located as specified on the map presented in Appendix A . l 
of Permit Attachment 2. Monitoring well 5W8B is the background well for 
the WMA and monitoring wells 5W5B, 5W7B, 5WC21, 5WC22, and 
5WC23 are the point of compliance wells. 

(2) In addition to the wells specified in Permit Condition V.D.l.a.(l)., well 
5W12A will serve as plume monitoring wells downgradient of the unit to 
determine whether continued migration of contaminants has occurred. 

(3) Well(s) S5W5, S5W7, 5W9A, 5W10A, 5W11 A, 5WCA, S5W6, S5W8, 
5WC11, and 5WC12 will be used as piezometers to measure static 
groundwater elevations during each sampling event. 

# 

V.D.l.b. Sampling Schedule 

The upgradient well, the point of compliance wells, and plume monitoring wells 
will be sampled in accordance with the Compliance Monitoring Sampling and 
Analysis Plan (Appendix H of Permit Attachment 1) and the following 
schedule: 

(1) The upgradient well and downgradient point of compliance wells specified in 
Permit Conditions V.D.l.a.(l) will be sampled at least semi-annually for 
the constituents listed in Appendix E of Permit Attachment 2. The 
Permittees must collect, at least, a single sample for each specified 
constituent at each well and analyses must be obtained using the EPA SW-
846 Methods specified in Appendix E of Permit Attachment 2. 

(2) The Plume Monitoring Wells specified in Permit Condition V.D.l.a.(2) 
shall be sampled at least semi-annually for all constituents listed in 
Appendix E of Permit Attachment 2. Single samples for each constituent 
shall be collected and analyses shall be obtained using the EPA SW-846 
Methods specified in Appendix E of Permit Attachment 2. 

(3) Downgradient Point of Compliance Wells listed in Permit Condition 
V.D.l.a.(l). will be sampled annually for all constituents in Appendix IX to 
40 CFR Part 264 as listed in Appendix I of Permit Attachment 1 and 
analyses shall be obtained using the EPA SW-846 Methods specified in 
Appendix I of Permit Attachment 1. 
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V.D.l.c. Additional Monitoring Wells 
If additional constituents on the Compliance Monitoring list are detected at 
statistically significant levels above background in the Plume Monitoring Wells 
specified in Permit Condition V.D.I.a.(2) and if there is evidence that changes in 
the nature or extent of groundwater contamination have occurred as required by 
40 CFR Part 264.990'), the Permittees shall install groundwater monitoring wells 
to further define the vertical and horizontal extent of contamination in accordance 
with 40 CFR Section 264.90. 

(.1) The Permittees shall notify the Director within seven (7) days of determining 
that a constituent was detected at statistically significant levels above 
background in any downgradient plume monitoring well. 

(2) If the Permittees choose to attempt a verification sampling event as defined 
by Permit Conditions V.J.l.e(l) and VJ.l.h., this intent and a brief 
description of proposed resampling activities shall be included in the 
notification required by Permit Condition V.D.I.c.(l). 

(3) If the results of the resampling indicate that the statistical increase was valid 
or no resampling is conducted, the Permittees shall submit to the Director a 
plan to sample existing wells and/or install additional monitoring wells to 
define the vertical and horizontal extent of the constituent in the groundwater 
downgradient of the unit. This plan shall be submitted within thirty (30) days 
of the notification required by Permit Condition V.D.l.c(l). 

(4) Appropriate modifications to the Compliance Monitoring Program shall be 
proposed following the installation of any additional wells, as required to 
meet the performance standards of the monitoring program. 

(5) The Permittees may choose to demonstrate that the statistical increase was a 
result of a source or sources other than the unit. Notification that this 
demonstration will be attempted should be forwarded to the Director along 
with the notification that a statistically significant increase has been detected. 
Additional plume delineation will not be required if the Permittees 
demonstrate to the satisfaction of the Director that a source or sources other 
than the unit is the source of increased groundwater contamination. 

V.D.2 UNIT 16 

V.D.2.a. Groundwater Monitoring System 
The Compliance Monitoring Program requires monitoring at the background well 
(s), Point of Compliance Wells and at all wells designated as Plume Monitoring 
Wells semiannually in single samples. Static groundwater elevations (as made 



applicable by Permit Condition V.H) will be measured at all wells specified in 
V.D.2.a.(l), (2), and (3) during each sampling event. The groundwater 
compliance monitoring system follows: 

(1) The groundwater beneath the HWMA shall be monitored with one (1) 
upgradient groundwater monitoring well and four (4) downgradient point of 
compliance wells located as specified on the map presented in Appendix A . l 
of Permit Attachment 3 (Well Location Map). Monitoring well 16C1 is the 
background (upgradient groundwater monitoring) well for the UNIT 16 and 
the downgradient groundwater monitoring wells 16MW8, 16MW9, 
16 WC1 A, and 16 WC1B are the point of compliance wells. 

(2) In addition to the wells specified in Permit Condition V.D.2.a.(l) four (4) 
wells, 16-2, 16-3, 16-5 and 16WC2B, will serve as plume monitoring wells 
downgradient of the unit. The Spring (16SPRING) will serve as an 
additional sampling point. These five monitoring points shall be used to 
determine whether continued migration of contaminants is occurring. 

(3) Four wells, 16-1,16WC2A, 16C3, and 16CDH3, will be used as piezometers 
to measure static groundwater elevations during each sampling event. 

V.D.2.b. Sampling Schedule 

The upgradient well, the point of compliance wells, and plume monitoring wells 
will be sampled in accordance with the Compliance Monitoring Sampling and 
Analysis Plan (Appendix H of Permit Attachment 1) and the following 
schedule: 

(1) The upgradient well and downgradient point of compliance wells specified in 
Permit Conditions V.D.2.a.(l) will be sampled at least semi-annually for 
the constituents listed in Appendix E of Permit Attachment 3 The 
Permittees must collect, at least, a single sample for each specified 
constituent at each well and analyses must be obtained using the EPA SW-
846 Methods specified in Appendix E of Permit Attachment 3. 

(2) The Plume Monitoring Wells specified in Permit Condition V.D.4.a.(2) shall 
be sampled at least semi-annually for all constituents listed in Appendix E of 
Permit Attachment 3. Single samples for each constituent shall be collected 
and analyses shall be obtained using the EPA SW-846 Methods specified in 
Appendix E of Permit Attachment 3. 

(3) Downgradient Point of Compliance Wells listed in Permit Condition 
V.D.2.a.(l). will be sampled annually for all constituents in Appendix IX to 
40 CFR Part 264 as listed in Appendix I of Permit Attachment 1 and 
analyses shall be obtained using the EPA SW-846 Methods specified in 
Appendix I of Permit Attachment 1. 
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V.D.2.C. Additional Monitoring Wells 
If additional constituents on the Compliance Monitoring list are detected at 
statistically significant levels above background in the Plume Monitoring Wells 
specified in Permit Condition V.D.2.a.(2). and if there is evidence that changes 
in the nature or extent of groundwater contamination have occurred as required by 
40 CFR Part 264.99(j), the Permittees shall install groundwater monitoring wells 
to further define the vertical and horizontal extent of contamination in accordance 
with 40 CFR Section 264.90. 

(1) The Permittees shall notify the Director within seven (7) days of determining 
that a constituent was detected at statistically significant levels above 
background in any downgradient plume monitoring well. 

(2) If the Permittees choose to attempt a verification sampling event as defined 
by Permit Conditions V.J.2.e(l) and V.J.2.h., this intent and a brief 
description of proposed resampling activities shall be included in the 
notification required by Permit Condition V.D.2.c.(l). 

(3) I f the results of the resampling indicate that the statistical increase was valid 
or no resampling is conducted, the Permittees shall submit to the Director a 
plan to sample existing wells and/or install additional monitoring wells to 
define the vertical and horizontal extent of the constituent in the groundwater 
downgradient of the unit. This plan shall be submitted within thirty (30) days 
of the notification required by Permit Condition V.D.2.c.(l). 

(4) Appropriate modifications to the Compliance Monitoring Program shall be 
proposed following the installation of any additional wells, as required to 
meet the performance standards of the monitoring program. 

(5) The Permittees may choose to demonstrate that the statistical increase was a 
result of a source or sources other than the unit. Notification that this 
demonstration will be attempted should be forwarded to the Director along 
with the notification that a statistically significant increase has been detected. 
Additional plume delineation will not be required if the Permittees 
demonstrate to the satisfaction of the Director that a source or sources other 
than the unit is the source of increased groundwater contamination. 

V E. WELL CONSTRUCTION AND MAINTENANCE 

V.E.I UNIT 5 
V.E. La. Well Construction 

(1) The locations of the monitoring wells listed in Permit Condition V.D.l.a are 
specified on the map presented in Appendix A. l of Permit Attachment 2. 



Post-Closure Permit Reissuance Application DRAFT Radford UP 
Page 36 of 7P,_ Module V ' EPA ID No VA 1210020730 

Expiration Date August 16, 2024 

(2) Boring logs, design and construction details for monitoring wells listed 
Permit Condition V.D.l.a are included as Appendix H to Permit 
Attachment 2. 

in 

V.E.l.b. Maintenance 

All monitoring wells in the Compliance Monitoring Program, as listed in Permit 
Condition V.D.l.a., shall be maintained and inspected at least semiannually to 
ensumproperoperation. Anyrequired repairs shall be made bythePermitteesas 
soonasp^sibleandbefbrethenextsamplingevent. Ifanyofthesewellsare 
d^aged beyond reasonable effoMs for repair, the Permi^^ 

Appropriate permitmodification 

V.E. I.e. Standard 

w j S S ^ 
(1) The monitoring system must yield samples in upgradient well(s) that 

represent the quality of the background groundwater unaffected by leakage 
from the Regulated Units, and in downgradient wells yield samples that 
represent the quality of groundwater passing the compliance point. 

(2) The number and location of wells must be sufficient to identify and define all 
og 'calrekas^ 

site specific hydrogeologic characterization. 

V.E.l.d. Installation and Abandonment 

^ ^ z = : % = _ r ^ - ^ 
(1) All wells deleted from the monitoring program shall be plugged and 

abandoned in accordance with Appendix K to Permit Attachment 1 Well 
plugging methods and abandonment certification shall be submitted to the 

< 3 0 ) d a y s f r o m *e d a t e , h e w e I l s - — f a ™ ^ 
(2) All wells added to the existing monitoring system described in Permit 

Guidance Document (TEGD) and/or as approved by the Department 
(Appendix H.5 to Permit Attachment 1). 

# 
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V.E.2 UNIT 16 

V.E.2.a. Well Construction 

" 

16WC2A, 16C3, and I6CDH3 are included as Appendix H of Permit 
Attachment 3. 

(2) Boring logs for monitoring wells 16C1, 16MW8, 16MW9 16WC1A 
16WC1B, 16-1,16-2, 16-3, 16-5, 16WC2B, 16WC2A, 16C3,and 16CDH3 
are included as Appendix H of Permit Attachment 3. 

V.E.2.b. Maintenance 

mmmm 
( " 

sampling event 

(2> J«J_ 
i n 1 a i m U a l , y t 0 e n s u r e t h a t t h e y are not damaged. If any of 

permit modification applications shall be submitted. 

V.E.2.C Standard 

wll%t%r 
(1) The monitoring system must yield samples in upgradient well(s) that 

representee qum^^ 
from the Regulated Units, and in downgradient wells yield samples that 
represent the quality of groundwater passing the compliance point. 

(2) ThenumberWIocationofwellsmustbesumcienttoidenfifyW 
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logical release pathways from the unit(s) to the uppermost aquifer based on 
site specific hydrogeologic characterization. 

V.E.2.d Installation and Abandonment 
The Director must approve the addition or removal of all monitoring wells prior 
to installation or abandonment through a permit amendment. 

(1) All wells deleted from the monitoring program shall be plugged and 
abandoned in accordance with Appendix K to Permit Attachment 1. Well 
plugging methods and abandonment certification shall be submitted to the 
Director within thirty (30) days from the date the wells are removed from the 
monitoring program. 

(2) All wells added to the existing monitoring system described in Permit 
Condition V.E.I, must be constructed in accordance with the requirements 
of EPA's 1986 RCRA Groundwater Monitoring Technical Enforcement 
Guidance Document (TEGD) and/or as approved by the Department 
(Appendix H.5 of Permit Attachment 1). 

V F- GROUNDWATER PROTECTION STANDARD 

V.F.I. UNIT 5 

V.F.I.a. Groundwater Protection Standard 
The Permittees shall monitor the groundwater to determine whether regulated 
units are in compliance with the groundwater protection standard under 40 CFR 
Part 246.92. The groundwater protection standard is based upon upgradient 
concentrations from the facility's background groundwater monitoring (Appendix 
F to Permit Attachment 2), EPA Safe Drinking Water Act Maximum 
Contaminant Levels (SDWA MCLs), or an Alternate Concentration Limit (ACL) 
approv̂ ed by the Director (Healm-base^ 
REAMS model or an equivalent method). The hazardous constituents, and their 
concentration limits listed in Appendix G of Permit Attachment 2 comprise the 
groundwater protection standard. 

The concentration limits (groundwater protection standards) for the monitored 
constituents are given in the Appendix G of Permit Attachment 2, 

V.F.l.b. Background Concentration for Additional Constituents 
The Permittees shall monitor all wells as described in Permit Condition 
V.D.l.a.(l) and (2) for all parameters and constituents specified in Appendix E 
of Permit Attachment 2 and Appendix I of Permit Attachment 1 as 
appropriate. For any additional hazardous constituents detected during the annual 
analysis of all monitoring wells at the point of compliance, as specified above in 
Permit Section V.D.I, for all constituents contained in Appendix IX to 40 CFR 
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264 (see Appendix I of Permit Attachment 1) for which no accurate background 
values have been established at the time the Permit was issued, the Permittees 
shall establish accurate background values in accordance with 40 CFR 264 97(g) 
and as specified below: ' s 

(1) Background groundwater quality for a monitoring parameter or constituent 
shall be based on data from quarterly sampling of a properly installed well(s) 
upgradient from the waste management area for one (1) year. 

(2) The Permittees shall take a sequence of at least four (4) samples from each 
upgradient well, to determine background groundwater quality for each 
parameter and/or constituent each time the system is sampled. 

V.F.l.c. Effective Duration 

The Compliance Period, during which The Groundwater Protection Standard 
applies, is equal to the period of time from the beginning of the waste 
management area's active life until the end of the closure period and begins when 
the Permittees initiate a Compliance Monitoring Program meeting the 
requirements of 40 CFR 264.99. 

The Permittees operated the surface impoundment known as Unit 5 from 1970 
until final closure of unsaturated soils in 1989. Therefore, the compliance period 
asspeci6edm40CFR264.96,isl9years. TheoriginalPermitwasissuedon 
September28,2001. TheCompliancePenod,merefore,shallbeginonthe 
effective date of the original Permit and shall continue until the nineteenth 
adversary of that effective date in 2020, or until the Director approves clean 
closure of the unit. If the Permittees are required to conduct corrective action at 
the end of the specified compliance period, then the compliance period shall be 
extended until the Permittees demonstrate that the Groundwater Protection 
Standard has not been exceeded for three (3) consecutive years. 

V.F.2. UNIT 16 
V.F.2.a. Groundwater Protection Standard 

The Permittees shall monitor the groundwater to determine whether regulated 
p n i t S ? f_ o - , C ° m p h a n C e W h h t h e groundwater protection standard under 40 CFR 
fa r t 246.92. The groundwater protection standard is based upon upgradient 
concentrator^ 

F of Permit Attachment 3), EPA Safe Drinking Water Act Maximum 
Contammant Levels (SDWAMCLs), or an Alternate Concentration Limit (ACL, 
p roved bythe Director (Healm-based Risk A s ^ ^ 
REAMS model or an equivalent method). The hazardous constituents, and their 
concentration limits listed in Appendix G of Permit Attachment 3 comprise the 
groundwater protection standard. 
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V.F.2.D. Background Concentration for Additional Constituents 
The Permittees shall monitor all wells as described in Permit Condition 
V D.2.a.(l) and (2) for all parameters and constituents specified in Appendix E 
of Permit Attachment 3 and Appendix I of Permit Attachment 1 as 
appropriate. For any additional hazardous constituents detected during the annual 
a n a l y s i s y a l l m ^ 
Fermit Section V.D.2, for all constituents contained in Appendix IX to 40 CFR 
264 (see Appendix I of Permit Attachment 1) for which no accurate background 
values have been established at the time the Permit was issued, the Permittees 
shall establish accurate background values in accordance with 40 CFR 264 91<e\ 
and as specified below: ' l 6 ' ' 

(1) Background groundwater quality for a monitoring parameter or constituent 
shall be based on data from quarterly sampling of a properly installed well(s) 
upgradient from the waste management area for one (1) year. 

(2) The Permittees shall take a sequence of at least four (4) samples from each 
upgradient well, to determine background groundwater quality for each 
parameter and/or constituent each time the system is sampled. 

V.F.2.C. Effective Duration 
The Compliance Period, during which the Groundwater Protection Standard 
applies, is equal to the period of time from the beginning of the waste 
man^ementama's active life until me endof the closu^ 
the Permittees initiate a Compliance Monitoring Program meeting the 
requirements of 40 CFR 264.99. 

2 n ^ T ? T ™ ' " ' ̂  h*™*™ "ask: landfill known as Unit 16 from 1980 
until 988. The Permittees certified closure on August lO, !993. Therefore the 

^e : ^z%^ :%____ r 
October 30, 2015, or until the Director approves clean closure of the unit If the 
Permittees are required to conduct corrective action at the end of the specified 
compliance period, then the compliance period shall be extended until the 

p — - - < -

V G * SAMPLING AND ANALYSTS PROCEDURES 

Conditions V.D.L, and V.D.2.: 

V.G.L UNIT 5 

V.G.La. Samples shall be collected using the techniques described in Appendix H of 
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Permit Attachment 1. 

V.G.l.b. Samples shall be preserved, packed, and shipped off-site for using the techniques 
described in Appendix H of Permit Attachment 1. 

V.G.l.c. Samples shall be analyzed in accordance with the procedures specified in 
Appendix I of Permit Attachment 1 and Appendix E of Permit Attachment 2. 

V.G.l.d. Samples shall be tracked and controlled following the chain-of-custody 
techniques in Appendix H of Permit Attachment 1. 

V.G.Le. The Permittees must determine the concentration of constituents and parameters 
listed in Appendix E of Permit Attachment 2 in the groundwater at the 
compliance point at least semiannually during the compliance period specified in 
Permit Condition V.F.l.c. 

V.G.l.f. The Permittees must analyze samples from all monitoring wells listed in Permit 
Condition V.D.I.a.(l) at the compliance point, for all constituents contained in 
Appendix IX to 40 CFR Part 264 (Appendix I of Permit Attachment 1) at 
least annually during the compliance period. 

V.G.2. UNIT 16 

V.G.2.a. Samples shall be collected using the techniques described in Appendix H of 
Permit Attachment 1. 

V.G.2.b. Samples shall be preserved, packed, and shipped off-site for analysis using the 
techniques described in Appendix H of Permit Attachment 1. 

V.G.2.C. Samples shall be analyzed in accordance with the procedures specified in 
Appendix I of Permit Attachment 1 and Appendix E of Permit Attachment 3. 

V.G.2.d. Samples shall be tracked and controlled following the chain-of-custody 
techniques in Appendix H of Permit Attachment 1. 

V.G.2.e. The Permittees must determine the concentration of constituents and parameters 
listed in Appendix E of Permit Attachment 3 in the groundwater at the 
compliance point at least semiannually during the compliance period specified in 
Permit Condition V.F.2.C 

V.G.2.f. The Permittees must analyze samples from all monitoring wells listed in Permit 
Condition V.D.4.a.(l) at the compliance point, for all constituents contained in 
Appendix IX to 40 CFR Part 264 (Appendix I of Permit Attachment 1) at 
least annually during the compliance period. 
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# 

V H ' ELEVATION OF THE GROUNDWATER STIRFArF 

V.H.L Groundwater Surface Elevation 

mmmm^ 
X l t a f ^ 2 ' 5 - M t « n g each 

" 0 * = ^ ^ ^ 

* ~ _ f ~ f e 
V.H.2. Additional/Replacement Wells 

The Permittees shall report the surveyed elevation of any additional or 

s s s s s -
V L STATISTICAL PRQCEnfIRFS 

V.LL Statistical Evaluation 
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V.I.2. Simple Empirical Comparison 
The Permittees may elect to perform a simple empirical comparison of Point of 
Compliance data to the Groundwater Protection Standard (Appendix G of 
Permit Attachment 2 and 3 for Unit 5 and Unit 16, respectively) or Compliance 
Well data to the established background concentration in Appendix F to Permit 
Attachment 2 and 3 for Unit 5 and Unit 16, respectively, instead of the statistical 
procedures specified in Appendix J of Permit Attachment 1. 

V.I.3. Statistical Procedures 
The Permittees shall conduct all statistical procedures as specified in Appendix J 
of Permit Attachment 1. 

V.I.4. Schedule for Statistical Evaluation 
The Permittees shall perform the statistical evaluation required by Permit 
Conditions V. I . I , 2, and 3 above within 30 days from when the results of the 
analyses are available from the laboratory performing the analyses, but not later 
than the following schedule in accordance with 40 CFR 264.99(d)(2). 

Samples Collected During Statistical Results 
The Months of: Due by: 

April-June August 15 

October - December March 1 

The results of the evaluation shall be reported to the Director. 

J MONITORING PROGRAM AND DATA EVALUATION 
The Permittees shall conduct groundwater quality evaluation as follows: 

V.J.L UNIT 5 

V.J.l.a. Sampling and Analysis 
The Permittees shall collect, preserve, and analyze groundwater samples taken 
from all monitoring wells specified in this Permit, at least semiannually, 
pursuant to Permit Section V.G.I. 

V.J.l.b. Analytical Constituents 
The Permittees shall determine the concentration of compliance monitoring 
constituents and/or parameters, as listed in the Compliance Monitoring 
Constituent List (Appendix E of Permit Attachment 2), in the groundwater at 
each monitoring well specified in Permit Section V.D.l.a.(l) and (2) at least 



Z % 7 f % ^ E^/D/VoKX/2/^7jO 
1 Expiration Date August 16, 2024 

semiannually in accordance with 40 CFR 264.99(a). 

The Permittees shall determine the concentration of hazardous constituents and/or 
parameters, as specified in the Groundwater Protection Standard (Permit Section 
V.F.I, also Appendix G of Permit Attachment 2), in the groundwater at each 
monitoring well specified in Permit Section V.D.l.a.(l) at least semiannually in 
accordance with 40 CFR 264.99(a). 

V. J .I.e. Analysis Data Presentation 

The Permittees shall present the groundwater quality at each monitoring well in a 
form appropriate for the determination of statistically significant increases in 
accordance with 40 CFR 264.97(h). 

The Permittees' report shall include at least the following information- the 
consfituents analyzed; me SW-846 test m e ^ 
quantitation; estimated quantitation limits; the internal laboratory quality 
assurance/quality contml (QA/QC); matrix spike duplicates; 
dupbeate analyses; dilution factors; any lab specific limit of detection 
ot quantitation; and, the results of any screening analyses. 

V J. I d. Groundwater Flow Direction and Rate 
The Permittees shall determine the groundwater flow rate and direction in the 
uppermost aquifer at least annually to determine compliance with 40 CFR 
264 99(e). The Permittees shall also measure the groundwater surface elevations 
264 97(f) 8 r ° U n d W a t e r i s S a m p l e d i n accordance with the requirements of 40 CFR 

V.J.l.e. Appendix IX to 40 CFR Part 264 
The Permittees shall analyze samples from all wells listed in Permit Condition 

« p c ^ 
to determine whether additional Appendix IX to 40 CFR Part 264 constituents 
which are not listed in Appendix E of Permit Attachment 2, are present in the' 
uppermost aquifer. 
(1) If the Permittees find additional constituents present (i.e. not listed in 

Appendix E of Permit Attachment 2), the Permittees shall notify the 
Director within seven (7) days of the data being available from the 
aboratory The Permittees may resample within (60) days from the date of 

l n ^ _ S V„ ^ a n d r C p e a t t h e a n a l y s i s f o r t h e detected Appendix IX to 
40 CFR Part 264 constituent. I f confirmation sampling is intended, the 

Q | Permittees shall include the proposed sampling date with the notification. 

(2) Ifthesecondanalysisconfirmsthepresenceofmeadditionalconstituents, 
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the Permittees shall report the concentration of these constituents to the 
Director m writing within seven (7) days after the completion of the second 
analysis and add them to the Compliance Monitoring list (Appendix E of 

VIITTT 1 " ; ? ™ " * 2 > I f t h e c ° ^ u e n t i s hazardous (listed in Appendix 
y i H to 40 CFR Part 261), the Permittees shall add it to the Groundwater 
Protection Standard list (Appendix G of Permit Attachment 2). 

(3) If the Permittees choose not to resample, then the Permittees shall report the 
concentrations of these additional constituents to the Director within seven 
(/) days after completion of the initial analysis and add them to the 
Compliance Monitoring list (Appendix E of Permit Attachment 2) If the 
constituent is hazardous (listed in Appendix VI I I to 40 CFR Part 261) the 
Permittees shall add it to the Groundwater Protection Standard list 
(Appendix G of Permit Attachment 2). 

(4) I f the constituent has been previously detected in the monitoring well then 
the Permittees may choose not to resample. The Permittees shall report the 
concentration widiin seven (7) days after the completion of the analyses and 
add them to the Compliance Monitoring list (Appendix E of Permit 

constituent is hazardous (listed in Appendix VI I I to 
7* I , } ' t h C P e r m i t t e e s shall add it to the Groundwater Protection 
Standard list (Appendix G of Permit Attachment 2). 

(5) The Permittees may attempt to demonstrate that the newly detected 
additional Appendix IX constituent was from a source or sources other than 
Uie Regulated Unit. The Director shall be notified of the intent to make the 
demonstration either with the original notification that a new constituent was 
detected or with the results of the resampling. 

* ™ s demonstration shall prove to the satisfaction of the Director that ap 
alternate source caused the detection. 

* demonstration shall commence within a reasonable time following 
the notification in Permit Condition V.J.l.e.(2) or (3) above, and the 
results shall be submitted for review no later than 90 days from the 
original notification. 

* The Permittees must continue to monitor in accordance with the 
Compliance Monitoring Program established under 40 CFR Section 
264.99. 

# 

VJ .Lf Background Values for Newly Detected Constituents 
If we s e c o n d ^ 

f t ' " ^ ^ ^ ^ ^ ^ choose not to resample 
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^abk to prove to the satisfacfion of the Director 
Regulated Unit is responsible, the Permittees shall establish the background 
values for each additional Appendix IX to 40 CFR Part 264 constituent listed in 

??!!!?,, ' A t t a c h m e n t 1 found m the groundwater in accordance 
with the following procedures: 

(1) Background groundwater quality for a newly listed monitoring parameter or 
constituent shall be based on data(single samples) from at lea^ 
sampling of an upgradient monitoring well for each unit, as specified by 
Permit Condition V.D.I.a.(l)., for one (1) year. 

(2) Background groundwater quality for each newly listed parameter and/or 
constituent for each compliance point and plume monitoring wells, as listed 
in Permit Conditions V.D.l.a.(l) and a.(2), respectively, shall be based on 
data (single samples) from at least quarterly sampling for one (1) year. 

V.J.l.g. GPS (Appendix G of Permit Attachment 2) for Newly Detected Constituents 
For each additional Appendix VI I I to 40 CFR Part 261 hazardous constituent 
confirmed in accordance with Permit Condition V.J.l.e.(2) or directly added to 

# 
W Groundwater Protection Standard and amend Appendix G of Permit 

Attachment 2. The background value determined through Permit Condition 
P • \ Z u L If 3 8 t H e S™ndwater protection standard under 40 CFR 
Part 264.92. The Permittees may request and the Director may establish an 
Alternate Concentration Limit (ACL) in accordance with 40 CFR Part 264.94(b). 

V.J.l.h. Comparison to Background Concentrations 
During the compliance period, for each hazardous constituent identified in Permit 
Condition V.J l.e, the Permittees shall determine whether there is statistically 
siguficant evidence of increased contamination each time when the concentration 
of hazardous constituents is monitored in groundwater at the compliance poinf 
pursuamtoPennitSe^ 

Appendix J of Permit Attachment 1 or an alternate method approved by the 
Director pnor to use T o ^ 
the groundwater quality at each monitoring well specified in Permit Section 
V.D.l to the background concentrations for that constituent, in accordance with 
^oceduresspecified inPermitSection V. I . I . Thesedeterminationsshallbe 
made at least semiannually and the results reported to the Director. 

(1) If the appropriate statistical test (specified in Appendix J of Permit 
Attachment 1 and/or approved by the Director) indicates that the difference 
between the established background (or upgradient concentration) and the 
downgradient well concentration is significant, the Permittees shall notify the 
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# 

Doctor in wiitingwimin seven (7) days of determining thatac 
was detected at statistically significant levels in any downgradient well The 
notice should indicate whether the Permittees resample to confirm the 
exceedance. 

(2) The Permittees may repeat the same procedure with an independent sample 
irom the monitoring well within 30 days of determination that the difference 
wasstatisticallysignificant. IfthePermitteeschoosetoattemptaresampling 
demonstration as defined by Permit Condition VJ.l.e.(l)., this intent and a 
brief description of proposed confirmation sampling activities shall be 
include in the notification required above. 

VJ. l . i . Comparison to Groundwater Protection Standards 
For each hazardous constituent identified in Permit Condition VJ.l.e and listed 

Z y ' l !X< nf P C r m l t A t t a c h m e n t 2 " t h e Permittees shall determine whether 
mere issWisbcally significant evidence of increased c o n ^ 
when me concentmtionofhazardous constituents is monitored in 
the compliance point. In determining whether such an increase of contamination 
has occurred, at least semiannually the Permittees shall compare the groundwater 

# concentration at each monitoring well specified in Permit Section V.D.l.a (1) to 
A e G m u n d w a t e r P ^ 

procedures specified in Appendix J of Permit Attachment 1 if appropriate. 

(1) Methods of Comparison 

(a) I f a single independent sample was collected at the monitoring well the 
Permittees shall conduct a simple empirical comparison of the measured 
value to the GPS (Appendix G of Permit Attachment 2). 

(b) If multiple independent samples were collected from each monitoring 
well a statistical comparison, as approved by the Director, to the GPS 
shall be conducted. Guidelines for method selection are contained in 
Appendix J of Permit Attachment 1. 

(2) Notification 

For constituents that have not statistically exceeded the Groundwater 
Protection Standard during previous sampling events, the Permittees shall 

t ^ Z ^ ™ ^ ! ^ ^ 
the GPS Appendix G of Permit Attachment 2) has been exceeded for the 
additional constituent. The notification shall include the following: 

(a) concentration of constituent exceeding the GPS (Appendix G of Permit 
Mm. Attachment 2); 

(b) identification of the monitoring well where the GPS (Appendix G of 
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Permit Attachment 2) was exceeded; and 

(c) a map showing the extent of the groundwater contaminant plume with 
concentrations mapped. 

(3) Other Source Demonstration 

The Permittees may make a demonstration that the groundwater protection 
standard as indicated in Appendix G of Permit Attachment 2 was exceeded 
due to sources other than the unit; errors in sampling, analysis and 
evaluation; or natural variation in the groundwater. The demonstration shall 
be conducted as follows: 

(a) The Permittees shall include in the notification to the Director in Permit 
Condition V.J.l.i(2)., that the demonstration will be attempted. 

(b) Resampling must be conducted as described in V.J. 1 .e.(l). 

# 

# 

(c) Four (4) independent samples shall be collected from the well for each 
constituent the Permittees included in the demonstration. A statistical 
evaluation of the data shall be conducted using a statistical method 
approved by the Director. 

(d) The Permittees must submit a report to the Director within 90 days of 
the notification that demonstrates a source other than the unit caused the 
groundwater protection standard to be exceeded or that the apparent 
non-compliance was a result of an error in sampling, analysis, or 
evaluation. The Permittees must also submit to the Director within 90 
days of the notification in Permit Condition V.J.l.i(2) an application 
tor a permit modification to make any appropriate changes in the 
Compliance Monitoring Program. 

(e) If the Director approves the results of the demonstration, the constituent 
shall remain on the Annual 40 CFR 264 Appendix IX Constituent list 
Appendix I of Permit Attachment 1) and Compliance Monitoring List 

(Appendix E of Permit Attachment 2) and samples shall continue to 
be collected and analyzed as specified. 

(4) Specification 

The Permittees shall specify all Groundwater Protection Standard 
exceedances from the reported sampling event in the Semiannual Monitoring 
Report. 5 



V.J.2. UNIT 16 

V.J.2.a. Sampling and Analysis 
The Permittees shall collect, preserve, and 

t o ^ l T S 
V.J.2.b. Analytical Constituents 

The Permittees shall determine the concentration of compliance monitoring 
constituents and/or parameters, as listed in the Compliance Monitoring 
Constituent List (Appendix E of Permit Attachment 3), in the groundwater at 
each monitoring well specified in Permit Section V.D.2.a.(l) and (2) at least 
semiannually in accordance with 40 CFR 264.99(a). 

^ T ! ! " r ^ ° m p a r e ^ ™ ^ s °f *e ™lysis %om Appendix E of 
Permit Attachment 5 with the concentration of hazardous constituents and/or 
parameters, as specified in the Groundwater Protection Standard (Permit Section 

^B~^~^=^^ 
V.J.2.C. Analysis Data Presentation 

TkPe^ittees shall present the groundwater quality at each monitoring well in a 

a Z S 
The Permittees report shall include at least the following information- the 
constituents analyzed; the SW-846 test memods;mem^ 
quantitation; esumatedquanh^ 
assurance/quality conW (QA/QC); matrix spike dupl ies 

V.J.2.d. Groundwater Flow Direction and Rate 
The Permittees shall determine the groundwater flow rate and direction in the 

efl^' ^ 
2%7(ff 

V.J.2.e. Appendix IX to 40 CFR Part 264 

v ^ r ^ ^ 
V.D.4.a.(l) at the compliance point, for all constituents contained in Appendix 
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IX to 40 CFR Part 264 (Appendix I of Permit Attachment 1) at least annually 
to determine whether additional Appendix IX to 40 CFR Part 264 constituents 
which are not listed in Appendix E of Permit Attachment 3, are present in the' 
uppermost aquifer. 

(1) If the Permittees find additional constituents present (i.e. not listed in 
Appendix E of Permit Attachment 3), the Permittees shall notify the 
Director within seven (7) days of the data being available from the 
laboratory. The Permittees may resample within (60) days from date of the 
original sampling and repeat the analysis for the detected Appendix IX to 40 
CFR Part 264 constituent. If confirmation sampling is intended the 
Permittees shall include the proposed sampling date with the notification. 

(2) I f the second analysis confirms the presence of the additional constituents 
the Permittees shall report the concentration of these constituents to the 
Director in writing within seven (7) days after the completion of the second 
analysis and add them to the Compliance Monitoring list (Appendix E of 
Permit Attachment 3). If the constituent is hazardous (listed in Appendix 
y i l l to 40 CFR Part 261), the Permittees shall add it to the Groundwater 
Protection Standard list (Appendix G of Permit Attachment 3). 

(3) If the Permittees choose not to resample, then the Permittees shall report the 
concentrations of these additional constituents to the Director within seven 
(7) days after completion of the initial analysis and add them to the 
Compliance Monitoring list (Appendix E of Permit Attachment 3) If the 
constituent is hazardous (listed in Appendix V I I I to 40 CFR Part 261) the 
Permittees shall add it to the Groundwater Protection Standard list 
(Appendix G of Permit Attachment 3). 

(4) I f the constituent has been previously detected in the monitoring well then 
the Permittees may choose not to resample. The Permittees shall report the 
concentration within seven (7) days after the completion of the analyses and 
add them to the Compliance Monitoring list (Appendix E of Permit 
Attachment 3). If the constituent is hazardous (listed in Appendix VII I to 
40 CFR Part 261), the Permittees shall add it to the Groundwater Protection 
Standard list (Appendix G of Permit Attachment 3). 

(5) The Permittees may attempt to demonstrate that the newly detected 
additional Appendix IX constituent was from a source or sources other than 
the Regulated Unit. The Director shall be notified of the intent to make the 
demonstration either with the original notification that a new constituent was 
detected or with the results of the resampling. 

• This demonstration shall prove to the satisfaction of the Director that an 
alternate source caused the detection. 
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• The demonstration shall commence within a reasonable time following 
the notification in Permit Condition V.J.2.e.(2) or (3) above, and the 
results shall be submitted for review no later than 90 days from the 
original notification. 

• The Permittees must continue to monitor in accordance with the 
Compliance Monitoring Program established under 40 CFR Section 
264.99. 

V.J.2.f Background Values for Newly Detected Constituents 
If the second analysis (Permit Condition V.J.2.e.(2).) confirms the presence of 
constituents not included in the Compliance Monitoring program, the Permittees 
choose not to resample (Permit Condition V.J.2.e.(3).), or the Permittees are 
unable to prove to the satisfaction of the Director that a source other than the 
Regulated Unit is responsible, the Permittees shall establish the background 
values for each additional Appendix IX to 40 CFR Part 264 constituent listed in 
Appendix I of Permit Attachment 1 found in the groundwater in accordance 
with the following procedures: 

(1) Background groundwater quality for a newly listed monitoring parameter or 
constituent shall be based on data (single samples) from at least quarterly 
sampling of an upgradient monitoring well for each unit, as specified by 
Permit Condition V.D.2.a.(l)., for one (1) year. 

(2) Background groundwater quality for each newly listed parameter and/or 
constituent for each compliance point and plume monitoring wells as listed 
in Permit Conditions V.D.2.a.(l) and (2), respectively, shall be based on 
data (single samples) from at least quarterly sampling for one (1) year. 

V.J.2.g. GPS (Appendix G of Permit Attachment 3) for Newly Detected Constituents 
For each additional Appendix VII I to 40 CFR Part 261 hazardous constituent 
confirmed in accordance with Permit Condition V.J.2.e.(2) or directly added to 
the monitoring list (Appendix E of Permit Attachment 3) without resampling in 
accordance with Permit Condition V.J.2.e.(3), the Director shall establish a 
Groundwater Protection Standard and amend Appendix G of Permit 
Attachment 3. The background value determined through Permit Condition 
V.J.2.1 will be utilized as the groundwater protection standard. The Permittees 
may request and the Director may establish an Alternate Concentration Limit 
(ACL) in accordance with 40 CFR Part 264.94(b). 

V.J.2.h. Comparison to Background Concentrations 
During the compliance period, for each hazardous constituent identified in Permit 
Condition V.J.2.e, the Permittees shall determine whether there is statistically 
significant evidence of increased contamination each time when the concentration 
of hazardous constituents is monitored in groundwater at the compliance point-
pursuant to Permit Section V.I.4 and using the statistical procedures in ' 
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Appendix J of Permit Attachment 1 or an alternate method approved by the 
Directorpnortouse. Tomakethatdetermination,thePermitteesshallcompare 
the groundwater quality at each monitoring well specified in Permit Section 
V.D.2 a.(l) to the background concentrations for that constituent, in accordance 
withtheproceduresspfcifiedinPermitSectioaV.1.4 Thesedeterminations 
shall be made at least semiannually and the results reported to the Director 

(1) If the appropriate statistical test (specified in Appendix J of Permit 
Attachment 1 and/or approved by the Director) indicates that the difference 
between the established background (or upgradient concentration) and the 
downgradient well concentration is significant, the Permittees shall notify the 
Director m writing within seven (7) days of determining thataconstituent 
was detected at statistically significant levels in any downgradient well The 
notice should indicate whether the Permittees resample to confirm the 
exceedance. 

(2) ThePermitteesmayrepeatthesameprocedurewithanmdependentsample 
from the monitoring well within 30 days ofdetermination that the difference 
wasstatisbcallysignificant IfthePermibeeschoosetoattemptaresampling 
demonstration as defined by Permit Condition V.J.2.e.(l)., this intent and a 
brief description of proposed confirmation sampling activities shall be 
include in the notification required above. 

V.J.2.K Comparison to Groundwater Protection Standards 
For each hazardous constituent identified in Permit Condition V.J.4.e and listed 
in Appendix G of Permit Attachment 3., the Permittees shall determine whether 
there is statistically significant evidence ofmcreased contamination each time 
when the concentration ofhazardous constituents is monitored in groundwater at 
thecompbancepomt Indetermmingwhethersuchanmcreaseofcontamination 
has occurred, at least semiannually the Permittees shall compare the groundwater 
concentration at each monitoring well specified in Permit Section V.D 2 a m to 
the Groundwater Protection Standard for that constituent, maccordance with the 
procedures specified in Appendix J of Permit Attachment 1 if appropriate. 

(7/) Me/Ao(6q/Co^arwo/7 

(a) I fa single independent sample was collected at the monitoring well the 
Permittees shall conduct a simple empirical comparison of the measured 
value to the GPS (Appendix G of Permit Attachment 3). 

(b) ffrnultiplemdependentsampleswerecollectedfromeachmomtoring 
well, a statistical comparison, as approved by the Director to the GPS 
(Appendix G of Permit Attachment 3) shall be conducted. Guidelines 
for method selection are contained in Appendix J of Permit 
Attachment 1. 
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(2) Notification 
For constituents that have not statistically exceeded the Groundwater 
Protection Standard during previous sampling events, the Permittees shall 
submit written notification to the Director within 7 days of determining that 
the GPS (Appendix G of Permit Attachment 3) has been exceeded for the 
additional constituent. The notification shall include the following: 

(a) concentration of constituent exceeding the GPS (Appendix G of Permit 
Attachment 3); 

(b) identification of the monitoring well where the GPS (Appendix G of 
Permit Attachment 3) was exceeded; and 

(c) a map showing the extent of the groundwater contaminant plume with 
concentrations mapped. 

(3). Other Source Demonstration 
The Permittees may make a demonstration that the groundwater protection 
standard as indicated in Appendix G of Permit Attachment 3 was exceeded 
due to sources other than the unit; errors in sampling, analysis, and 
evaluation; or natural variation in the groundwater. The demonstration shall 
be conducted as follows: 

(a) The Permittees shall include in the notification to the Director in Permit 
Condition V.J.2.i.(2)., that the demonstration will be attempted. 

(b) Resampling must be conducted as described in V.J.2.e.(l). 

(c) Four (4) independent samples shall be collected from the well for each 
constituent the Permittees included in the demonstration. A statistical 
evaluation of the data shall be conducted using a statistical method 
approved by the Director. 

(d) The Permittees must submit a report to the Director within 90 days of 
the notification that demonstrates a source other than the unit caused the 
groundwater protection standard to be exceeded or that the apparent 
non-compliance was a result of an error in sampling, analysis, or 
evaluation. The Permittees must also submit to the Director within 90 
days of the notification in Permit Condition V.J.2.i.(2) an application 
for a permit modification to make any appropriate changes in the 
Compliance Monitoring Program. 

If the Director approves the results of the demonstration, the constituent 
shall remain on the Annual 40 CFR 264 Appendix IX Constituent list 
(Appendix I of Permit Attachment 1) and Compliance Monitoring List 
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Appendix E of Permit Attachment 3) and samples shall continue to be 
collected and analyzed as specified. 

(4) Specification 
The Permittees shall specify all Groundwater Protection Standard 
exceedances from the reported sampling event in the Semiannual Monitoring 
Report. 

V.K. REPORTING AND RECORDKEEPING 

V.K.1. Record 
The Permittees shall enter all monitoring, testing, and analytical data obtained 
pursuant to Permit Section V.J.1 and 2. for Unit 5 and Unit 16, respectively in 
the operating record. The data packages must include all computations, 
calculated means, variances, t-statistic values, and t-test results or the calculations 
and results of statistical tests that the Director has determined to be equivalent as 
appropriate and shall be submitted to the Director at least annually, no later than 
March 1 of the calendar year, pursuant to 40 CFR 264.91(b). Reports containing 
the information shall be submitted in accordance with Permit Condition I.E.(4). 

V.K.2. Groundwater Elevation 
The Permittees shall submit the groundwater surface elevations and 
potentiometric contour maps with flow paths, as specified in Permit Section 
VJ.l .d and 2.d for Unit 5 and Unit 16, respectively, to determine whether the 
requirements for locating the monitoring wells continue to be satisfied, at least 
annually, no later than March 1 of the calendar year, pursuant to 40 CFR 
264.73(b)(6). All potentiometric contour maps shall be properly annotated with 
monitoring wells and groundwater surface elevations clearly marked. If the 
evaluation shows that the performance standards specified in Permit Section 
V.E.l.c and 2.c for Unit 5 and Unit 16, respectively are no longer satisfied, the 
Permittees shall, within ninety (90) days, submit a permit modification request to 
the Director to modify the number, location, or depth of the monitoring wells to 
bring the groundwater monitoring system into compliance with this requirement, 
pursuant to 40 CFR 264.99(f) and 40 CFR 270.42(c). 

V.K.3. Background Values 
The established background values and the computations necessary to determine 
background values shall be submitted to the Department whenever requested by 
the Director or at least annually with the annual groundwater monitoring report, 
no later than March 1 of the calendar year pursuant to 40 CFR 264.73(b). 

V.L. ASSURANCE OF COMPLIANCE 

The Permittees shall demonstrate to the Director that groundwater monitoring necessary 
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to ensure compliance with the groundwater protection standard under 40 CFR Part 
264.92 is being conducted during the term of the Permit by submitting all required 
reports, documentation, and notifications. 

V.M. SPECIAL REQUIREMENT IF THE GROUNDWATER PROTECTION 
STANDARD IS EXCEEDED 

In accordance with the requirements of this Permit and the VHMWR, i f the Director or 
the Permittees have determined that corrective action at the point of compliance of the 
Waste Management Area is required, the Permit Conditions in Permit Section V.M. 
shall be applicable. The Permittees are responsible for compliance with Permit Section 
V.M. immediately upon notification by the Director that corrective action is required at 
the point of compliance. 

V.M.I. Notice 

The Permittees must notify the Director in writing within seven (7) days from the 
date that the analytical data is available from the laboratory that the groundwater 
protection standard (Appendix G of Permit Attachment 2 and 3 for Unit 5 and 
Unit 16, respectively) has been exceeded at any well for any constituent contained 
in Appendix E of Permit Attachment 2 and 3 for Unit 5 and Unit 16, 
respectively not included in previous notifications in accordance with Permit 
Condition V.J.l.i and 2.i. for Unit 5 and Unit 16, respectively. The notification 
must indicate specifically which concentration limits have been exceeded and be 
made following each semiannual sampling event if appropriate, pursuant to 40 
CFR 264.99(h)(1). 

V.M.2. Establishment for Corrective Action 

The Permittees shall submit to the Director a permit modification to establish a 
corrective action program meeting 40 CFR Part 264.100 requirements within 
180 days, or within 90 days if the Permittees have previously submitted an 
engineering feasibility study, pursuant to 40 CFR 264.99(h)(2). The application 
shall at a minimum include the following information: 

(1) A detailed description of corrective actions that shall achieve compliance 
with the Groundwater Protection Standard specified in Permit Section V.F.I 
and 2 for Unit 5 and Unit 16, respectively, and 

(2) A plan for a groundwater monitoring program that shall demonstrate the 
effectiveness of the corrective action. Such a groundwater monitoring 
program may be based on a compliance monitoring program developed to 
meet the requirements of 41 CFR 264.99. 

# 
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V.M.3. Other Source Demonstration 
In accordance with 40 CFR Part 264.99(i)., The Permittees may make a 
demonstration that the groundwater protection standard as indicated in Appendix 
G of Permit Attachment 2 and 3 for Unit 5 and Unit 16, respectively, was 
exceeded due to sources other than a regulated unit or errors in sampling, 
analysis, evaluation, or natural variation in the groundwater. 

(1) The Permittees must notify the Director in writing, within seven (7) days, 
that a demonstration will be made. 

(2) The Permittees must submit a report to the Director within 90 days that 
demonstrates that a source other than a regulated unit caused the groundwater 
protection standard to be exceeded or that the apparent non-compliance was a 
result of an error in sampling, analysis, or evaluation, pursuant to 40 CFR 
264.99(i)(2). 

(3) The Permittees must submit to the Director within 90 days an application for 
a permit modification to make any appropriate changes in the Compliance 
Monitoring Program at the facility, pursuant to 40 CFR 264.99(i)(3); and 

(4) The Permittees must continue to monitor in accordance with the Compliance 
Monitoring Program established under 40 CFR Part 264.99(i)(4). 

V.N. REQUESTS FOR PERMIT MODIFICATION 

This section, V.N, applies to all four units in this permit. 

If the Permittees or the Director determines that groundwater corrective action is required 
to protect human health and the environment or if the Director determines that the 
corrective action ongoing at the facility is not adequate, the Permittees shall submit to the 
Director an application for a permit modification to establish or modify a Corrective 
Action Program meeting the requirements of 40 CFR Section 264.100 within 180 days of 
receipt of the Director's determination that corrective action is required. 

If the Permittees or the Director determines the Corrective Action Program no longer 
satisfies the requirements of 40 CFR Part 264.100, then, within 90 days, the Permittees 
must submit an application for a permit modification to make any appropriate changes to 
the program. 

V.O. EVALUATION OF GROUNDWATER CONTAMINANT PLUME LOCATION 

The results of the statistical comparisons of monitoring data from the plume monitoring 
wells specified in Permit Conditions V.LI and 2 for Unit 5 and Unit 16, respectively 
shall be used to determine if the groundwater contaminant plume has migrated vertically 
or horizontally following the completion of the groundwater quality assessment program. 
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If constituents on the compliance Monitoring List Appendix E to Permit Attachment 2 
and 3 for Unit 5 and Unit 16, respectively, are detected at statistically significant levels 
above background in the plume monitoring well specified in Permit Condition V.D.l.b 

• and 2.b for Unit 5 and Unit 16, respectively, the Permittees shall take appropriate 
measures to further define the extent of groundwater contamination. 

V.O.I. Other Source Demonstration 
The Permittees may make a demonstration that the background concentration was 
exceeded due to sources other than a regulated unit, errors in sampling, analysis, 
evaluation, or natural variation in the groundwater. 

(1) The Permittees must notify the Director in writing, within seven (7) days, 
that a demonstration will be made. 

(2) The Permittees must submit a report to the Director within 90 days that 
demonstrates that a source other than a regulated unit caused the background 
to be exceeded or that the apparent non-compliance was a result of an error in 
sampling, analysis, or evaluation. 

(3) The Permittees must submit to the Director within 90 days a request for a 
modification to this Permit to make any appropriate changes in the 
Compliance Monitoring Program at the Facility (Permit Condition V.N.) 

V.O.2. Additional Wells 
If the demonstration in Permit Condition V.O.I, above is not attempted or is not 
accepted by the Director, the Permittees shall submit to the Director a plan to 
sample existing wells and/or install additional monitoring wells to define the 
vertical and horizontal extent of the constituent in the groundwater downgradient 
of the unit. This plan shall be submitted within thirty (30) days of the notification 
required by Permit Condition V.O.l.(l). 

V.O.3. New Well Sampling 
Unless specific approval is granted in advance by the Director, all monitoring 
wells installed in accordance with Permit Condition V.O.2., above, shall be 
sampled in accordance with Permit Condition V.D.l.b and 2.b for Unit 5 and 
Unit 16, respectively, at least semiannually following installation and pending any 
appropriate modification to the Compliance Monitoring Program pursuant to 
Permit Condition V.O.4.. below. 

V.O.4. Modification for New Well 
Appropriate modifications to the Compliance Monitoring Program shall be 
proposed following the installation of any additional wells and/or as required to 
meet the performance standards of the monitoring program. 
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V.0.5. Statistical Evaluation 
The results of the statistical evaluation shall be included in the semiannual 
monitoring report (Permit Condition V.K.I.). 

# 

# 
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MODULE VI 

GROUNDWATER CORRECTIVE ACTION AND 
MONITORING PROGRAM FOR UNIT 5 
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MODULE V I 
GROUNDWATER CORRECTIVE ACTION AND 

MONITORING PROGRAM FOR UNIT 5 

VLA. HIGHLIGHTS 

Tj^concentration of trichloroethene (TCE) in groundwater has exceeded the GPS in the 
POC We Is 5W5B, 5WC21, 5WC22 and 5WC23 since the issuance of the original permit 
for Unit 5 on September 28, 2001 During 2008, TCE concentrations were less than 
historic levels in wells 5WC21, 5WC22 and 5WC23. Appendix A of the Corrective 
Action Plan (CAP), Attachment 2, Appendix I provides the historical TCE 
concentrations in groundwater. 

In response to exceedences of the Groundwater Protection Standards (GPSs) at point of 
compliance (POC) wells for Unit 5, surface impoundment (former lined neutralization 
pond), Radford Army Ammunition Plant (The Permittee) is implementing a Groundwater 
Corrective Action (CA) Monitoring Program at the regulated Unit 5. The CA will be 
implemented as follows: 

The Permittee will implement a groundwater CA and monitoring program focused on 
evaluaung the natural attenuation of TCE and its daughter products [1,1-D.chloroethene 

? ; 2 - D l c h l o r o e t h a n e (cDCE), trans-1,2-Dichloroethene (/DCE), and Vinyl 
Chloride (VC)] in the subsurface at Unit 5. Based on the characteristics of the plume that 
has been currently delineated, and the low concentrations of the constituents of concern 
(COC) currently present in the plume with decreasing TCE trends exhibited by the 
I T T l A 3 ? ' / m o n , t o r e d m^ral attenuation (MNA) CA program will be implemented. 
1 He MNA CA program will be conducted as specified in Permit Module VI 
(Groundwater CA and Monitoring Program) and implemented according to the 
schedule provided in Permit Section VI.N. 

A groundwater monitoring program designed to evaluate the effectiveness of the CA 
program including compliance with the CA Specific GPSs is detailed in Permit 
Attachment 2, Appendix J. Reporting and recordkeeping requirements are presented in 
permit Section VLL The schedule contained in this module (Module VI) shall be 
followed to implement the remedy for Unit 5. 

V L B ' GROUNDWATER CA PROGRAM NATURAL ATTENUATION RFlVfFnv 

The goal of this CA measure, through performance monitoring, is to measure and track 
the reduction of chlorinated Volatile Organic Compounds (VOCs) to levels below the 
GPSs as defined in Attachment 2, Appendix J for the respective COCs, within a 
reasonable period of time Compliance will be achieved, at the POC Wells and 
throughout the plume in the aquifer downgradient of Unit 5 (40 CFR 264 100(b) and 
264.100(e)). During natural attenuation, multiple processes such as dispersion, diffusion 
dilution, sorption, volatilization, biological degradation and chemical decomposition of ' 
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COCs result in an effective reduction of contaminant concentration, toxicity, mobility or 
volume to levels that are protective of human health and the ecosystem. The daughter 
products of TCE will be monitored and evaluated to determine the progress (effectiveness 
and timeliness) of the degradation process (see Permit Attachment 2, Appendix I). 

VI.B.l. Design Conformance 

The Permittee shall install one (1) monitoring well (5W12A) to replace the Plume 
M o m t o ^ 

will be specific to the monitoring of the Natural Attenuation Remedy The location of the 
new well is specified ,n Permit Attachment 2, Appendix I , Figure 2. Subsequent 
changes to the Remedy Design are to be addressed in accordance with Permit Condition 

V I B.2. Remedial Objectives 

I h 6 r ^ A C A „ P r ° 8 r a m snail be initiated, operated and maintained in accordance with 

fort^ 

The principal remedial objective is to reduce or eliminate the chlorinated VOCs of 
concern to levels below the GPSs as defined in Permit Attachment 2, Appendix J 
within a reasonable period of time, defined as in Permit Condition VI B 7 a To ' 
accomplish this principal objective, data from the monitoring and compliance wells will 
be collected and evaluated following Permit Condition VI.B.6. 

V I - B 3 - Operation Specifications to Be Initiated 

As a passive remedy, Natural Attenuation requires no active operation except for 
groundwater monitoring. The following design system shall be implemented and 
maintained: 

a. 
W t f n n T r f 1 ' m P ' f T 6 n t C A m o n i t o r i " 8 Pmgram specified under Permit 
Section VI.C for Natural Attenuation of VOCs in groundwater at Unit-5 generally as 
described m the CAP (Permit Attachment 2, Appendix I) but subject to 
modifications in analytes and reporting as permitted by Permit Condition VI.B.5. 

Condition V I D T D " 8 b e 'Stalled in accordance with Permit 

V I - B A Measurement and Maintenance of Natural Attenuation Remedy 

Natuml Attenimtion is the reduction of CO^ 
destructive biological processes (including, but not limited to; aemb̂ ^ 
biodegradation, plant and animal uptake), non-destructive physical mechanisms 

•

(advection, dispersion, diffusion, dilution, volatilization, sorption/desorption) and 
chemical react,ons(,onexchange^^^ 

transformation). Biodegradation ofchlorinatedsolvents(eg., TCE) most commonly 
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occurs via reductive dechlorination, a process that requires both electron acceptors 

Z ^ S ^ Z ^ ^ K ^ ^ ^ 
Zsz Xtforc-a passive remedial approach reliM upon—'—p*-
Beyond the monitoring wells, covered under Permit Condition VI.C.l. there is no 
capital equipment requiring regular maintenance or upkeep other than as described 

u , ^ t , o n system for the continued maintenance of the Natural Attenuation 

S K ^ 3 ^ = ^ = « s 
a. Groundwater monitoring well(s). In compliance with 40 CFR 264 97(a)(3) a 

performance well is designated as an effective well when the Department recognizes 
mat Jewell is necessary for me practical W e ^ 
constituents that have migrated beyond Unit 5. 

b. In accordance with Permit Condition VI.C.2, the Permittee shall conduct 
groundwa^ 

: ! r % z ^ 
c If the GPS continue to be exceeded for any contaminant listed in Appendix J to 

Attachment 2 at any of the POC Wells or the Plume Monitoring Well, the Permittee 
shaH be required to continue to monitor the well(s) according to Permit Condition 
CondVtion VIJ 4 C I S ' 0 n S ^ ' b e r e P o r t e d i n accordance with Permit 

^ ^ t ^ r r s f t r ^ f f i M 
parameters shall be measured from each well during each sampling event- pH 
^peratu^,ox,dation-reducdon potential (ORP), specific 
oxygen. The samples must be collected from the upgradient well, the POC wells and 
he plume monitoring well, and must be analyzed for all CA specific VOCs [TCE 
U-Dichloroethene (1,1-DCE), cis4,2-Dichloroethene (cDCE), trans-1 2-

^z^^^^^y^^^ 
on a semiannual basis. In addition, groundwater samples collected during the first 
yearof moniwrmg will also be analyzed for MNA indicators(e^ 
ZsZ-

establishing a baseline concentration of these analytes. The facility's analytical 

Permh C % % o n V I C 2 ^ ^ ' " ' W ' t h t h e p r 0 c e d u r e established in 
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e. If at any point during the CA Program any monitoring well, established in or 
incorporated into the Natural Attenuation Remedy, can no longer yield groundwater 
samples representative of the area's groundwater quality based upon low water levels 
the Permittee must apply for a Permit modification to deepen or replace the affected 
monitoring well(s). 

f. Sampling points and monitoring wells in the Natural Attenuation Remedy (both 
temporary and permanent in status) are subject to the inspection requirements for 
groundwater monitoring wells as set forth in Permit Attachment 1, Appendix F 
(Inspection Requirements). 

g. Piezometers or monitoring wells designated solely for the purpose of measuring 
water levels (and not for water quality sampling), that are part of the Natural 
Attenuation Remedy, may be installed (with or without prior Department approval) 
or abandoned (with abandonment subject to prior Department approval). Such 
piezometers or water-level monitoring wells normally will not require a formal 
modification of the Permit under 40 CFR 270 41 or 270 42-unless an accompanying 
change in the text or maps of the Permit is required. Also, piezometers and water-
level monitoring wells remain subject to the inspection requirements for groundwater 
monitoring wells as set forth in Permit Attachment 1, Appendix F. 

V I B.5. Changes in MNA Program 

If changes are required, during implementation of the Natural Attenuation Program to 
either correct deficiencies or enhance resolution/performance, the Permittee shall submit 
a written request to the Department to change the approved design. 

a. The Department shall be notified by letter of any proposed changes to the Program at 
least thirty (30) days prior to the proposed date of the change. The Department shall 
approve the proposed changes prior to implementation. The following information 
shall be included in the notification: 

i. Description of the change to be made; 

ii. Justification/reason for the change; 

iii. Revaluation plan for Program performance after the change in design, 

iv. Revised maps, drawings, and schematics, if appropriate 

b. Design or Program changes which are required for the continued operation of the 
Remedy or are required for protection of human health and the environment shall be 
implemented as soon as practicable following approval. In the event of an 
emergency, the facility must act while assuming the risk of immediate action, subject 
to the subsequent administrative approval of the design or Program changes 

•

Therefore, the Permittee is encouraged to contact the Department as soon as the 
consequences are known. The Department shall be notified in writing of the actions 
taken, within 14 calendar days of the emergency event. This notification will contain 

# 
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a schedule for the submission of the corresponding request for the design or systems 
change. The Department will decide on a case by case basis whether such a design or 
systems change requires a permit modification (see Permit Section VI.M). 

VI.B.6. Evaluation of MNA Program 

of the Annual Monitoring Report (see Permit Condition VI.J.4). The evaluation shall 
contain information to demonstrate that natural attenuation is still functioning as 
designed. Continued decrease in concentrations will be considered progress toward the 
remedial objectives. The following shall be contained in the evaluation, if available: 

a. Present sampling and analysis results collected for the Natural Attenuation Program 
in field and lab analysis (see Permit Conditions VI.B.3 and VI.B.4); 

b. Evaluation of the changes in concentration trends over the previous twelve months 
natural attenuation rate, and resulting remedial progress; 

c. Review of constituent concentrations and evaluation of natural attenuation 
processes/progress possibly occurring. For example, potential for biodegradation 
occurrence, detection of daughter products, and general water quality conditions. 

d. Updated compliance timeframe predictions based on revised point attenuation rates 
determined from concentration vs. time graphs using the principles and methods 
presented in Section 7.4 of Permit Attachment 2, Appendix I . 

e. Modifications to the Remedy proposed to correct deficiencies/malfunctions or 
enhance performance and; 

f. Provide other recommendations regarding the CA program, as appropriate. 

V I B J Contingency Measures and Termination of Natural Attenuation 

a. I f the dissolved phase constituent concentrations in groundwater outside the 
containment area do not naturally attenuate within a reasonable time frame 
contingency, measures shall be considered and implemented as presented in Permit 
Attachment 2 Appendix I (CAP) . For the purpose of this evaluation, a reasonable 
.meframe is defined as the MNA-based projected remedial timeframe determined in 

the LAP (i.e., 12 years from the date of the evaluation in 2007, or 2019) The 
projected remedial timeframe was calculated based on pore-volume flushing 
calculations. Updated compliance timeframe predictions will be based on annually 
revised point attenuation rates derived from concentration v. time graphs If the 
estimated remedial timeframe determined on an annual basis exceeds the projected 
remedial t i m e f , ^ 

measures as defined in Permit Attachment 2, Appendix I (CAP) will be 
implemented. 

The Department shall terminate this Natural Attenuation Program subject to the 
Director s approval of a Permit Modification for an alternative remediation system 
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designed to achieve the same or equivalent objectives for remediation of chlorinated 
VOCs ,n compliance with 40 CFR 264.100, if the natural attenuation is ineffective For 
the purpose of this evaluation, MNA would be considered to be ineffective if for three 
consecutive years, the estimated remedial timeframe determined from annually revised 
point attenuation rates is greater than 19 years [2026], which is the time for one 
additional pore flush, or an additional 7 years. 

V I B - 8 Alternative Groundwater Remediation Methods 

If the Department or the Permittee determines that MNA is ineffective as a CA program 
the Permittee shall evaluate and pursue other means of groundwater remediation The 
Permittee shall submit to the Department an application for a Class II permit modification 
to modify the CAP within 180 days of the determination that MNA is no longer effective 
and that a modification to the CA process is required. The alternative groundwater 
remediation method would be enhanced in situ anaerobic bioremediation or a similar in-
situ technology which can effectively meet the remediation objectives. 

VI.B.9. Termination of CA/Remedy Program 

The CA/Remedy (40 CFR 264.100) for Unit-5 must continue until TCE and its daughter 
products concentrations in groundwater have decreased below the GPSs specified in 
Appendix J to Attachment 2 (40 CFR 264.100(f)) in the downgradient POC Wells and 
through the plume(s) The termination of CA must be approved by the Director The 
following steps are to be taken by the Permittee in establishing that the GPSs are no 
longer exceeded and before the Permittee can return to the Groundwater Compliance 
Monitoring Program (Permit Module V) under 40 CFR 264.99: 

a. Interpretation and Evaluation of Data Supporting Completion of 40 CFR 264.100 

Termination of the use of MNA as a remedy (change from 40 CFR 264 100 to 40 
CFR 264.99) shall be based on the interpretation and evaluation of the data 
(concentrations, parameters and indicators). In addition 40 CFR 264 100(e) 
specifically requires compliance with the GPSs throughout the groundwater plume. 
The data from all POC Monitoring Wells associated with the release of COC from 
Unit 5 must be at or below the GPSs to demonstrate that the 40 CFR 264 100 
foK" h 3 V e b e e " m 6 t ' p r ° C e d u r e f o r completing the data evaluation is as 

# 

r l l g ! ~ T ? Z n a " d m o n i t o r i n 8 Program was triggered by the exceedence 
of the GPS for TCE. The GPS for a contaminant was developed from the 
background value, MCL, ACL, or RBC. The GPSs for TCE and its daughter 
% ^ % ' ' * e d i " Appendix J to Attachment 2. The exceedence of the 
xAc 7 W a S m d i C a t e d b y t h e S i m p , e comparison of the concentrations for 
TCE in downgradient wells to the GPS. If GPSs have not been exceeded as 
determined by simple comparisons of the concentrations for TCE and its 
daughter products in downgradient wells to the GPSs, the Permittee can petition 
the Director to terminate this groundwater CA andmonitoring program The 
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concentrations for TCE and its daughter products in downgradient wells will be 
obtained through Permit Section VI.C (groundwater monitoring). 

ii . Pursuant Permit Condition I .K.I the compliance period during which the GPSs 
applies for Unit 5 will continue until October 28, 2020. If the compliance period 
has not ended at the time of the Director's approval to terminate the CA program 
groundwater monitoring shall then be conducted in accordance with Permit 
Module V - Compliance Monitoring Program. The Permittee shall continue 
CA measures during the compliance period to the extent necessary to ensure that 
the GPS is not exceeded, pursuant to 40 CFR 264.100(f). 

iii. Any future detections at concentrations greater than the CA specific GPSs that 
may result from rebound effects will result in a return to the requirements of 
Permit Module VI (and 40 CFR 264 100). Thus, to avoid a premature 
outcome, and the resulting requirement for an immediate return to 40 CFR 
264.100 groundwater monitoring and corrective measures, the Permittee must 
demonstrate the long-term effectiveness of the remedy prior to initiating the steps 
in Permit Condition VI.B.9. 

V L B 1 ° - Extension of Compliance Period and CA/Remedv Program 

If CA is required beyond the compliance period, as calculated in Permit Condition 
I.K.1, it shall continue until the GPS for any constituent in any well has not been 
exceeded for three consecutive years, pursuant to 40 CFR 264.100(f). 

V L C GROUNDWATER CA MONITORING PROGRAM 

A groundwater monitoring program must be implemented to demonstrate the 
effectiveness of the CA program (§264.100(d)). This program is based upon a 
Modification of the preexisting Groundwater Compliance Monitoring Program (Permit 

~ ^ ] ' ™ d ' f i e d 3 5 n e c e s s a r y t 0 meet the performance standards for a CA Program 
(40 CFR 264.100). & 

V I C 1 Groundwater Monitoring System 

a. The groundwater beneath the closed Unit 5 shall be monitored with one (1) 

upgradient groundwater monitoring well and five (5) downgradient POC Wells 
l 0 C n 1 t a

0

S o P e C i f i e d 0 0 F i g U r e 2 ° f P e r m i t Attachment2> Appendix I . Monitoring 

r w : i ^ ^ 
b. In addition to the wells specified in Permit Condition Vl.C.l.a, one Plume 

Monitoring Well, 5W12A will be installed and monitored to ensure that 
contaminants, TCE and its daughter products are not moving downgradient away 
trom Unit 5 and the downgradient POC wells. 

VI.C.2. Sampling and Analysis Schedule 
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All the wells from Permit Condition VI.C.l will be sampled m accordance w.th the 
methods and procedures specified in the Compliance Monitoring Sampling and Analysis 
Plan (Permit Attachment 1, Appendix H, Sampling and Analysis Plan, "SAP") and 
the following schedule: 

a. All the wells specified in Permit Condition VI.C.l. will be sampled at least semi
annually for the analysis of the current CA-targeted constituents listed in Appendix 
J to Attachment 2. In addition, groundwater samples collected during the first year 
of momtonng will also be analyzed for MNA indicators (ethane, ethene, methane, 
sulfate/sulfide, n.trate/nitrite, and total organic carbon) for the purpose of 

^ ^ S ^ ^ ^ t l Z Z " 
Alternate/updated SW-846 methods for the contaminants listed in Appendix J may 
be approved by the Department, provided the request is in writing and submitted 30 
days prior to the sampling event and the proposed alternate/updated methods for the 
contaminants listed in Appendix J must achieve the same Practical Quantification 
Limit (PQL) (or lower) as the specified method Also, with pre-approval 
alternate/updated methods for the indicators listed ,n Appendix J to Attachment 2 
may be used, provided the analyte is quantified using the alternate/updated method 
Proposed alternate/updated methods for the indicators listed in Appendix J to 
Attachment 2 may obtain a higher PQL than the method specified. 

b. The POC Wells specified in Permit Condition VLC.l.a shall be sampled on at least 
an annual basis for the analyses of all CA Annual Monitoring Constituents 
(Appendix K) using the EPA SW-846 Methods specified in Permit Appendix K to 
Attachment 2. The CA Annual Monitoring Constituents (Appendix K) are 
based on the Compliance Monitoring List (Appendix E/G), plus those constituents 
historically detected. 

' S t

u

a t i c groundwater elevations and total depths as well as the hydrogeologic and 
physical parameters pH, temperature, specific conductivity, DO, and ORP will be 
measured at all wells specified in Permit Condition VI.C.l during each sampling 

V L D WELL LOCATION. INSTALLATION AND rONSTRTICTIDN 

V I D ' 1 ' be low 6 ™'" 6 6 S h a H m a i " t a i n m ° n i t 0 r i n g w e l l s '<*ated at the facility as specified 

a. All monitoring wells listed in Permit Condition VI.C.l shall be maintained ,n 
accordance with the maps and boring logs in Permit Attachment 2, Appendix I . 

b. The wells shall be inspected at least semi-annually to ensure proper operation Any 
required repairs shall be made by the Permittee as soon as reasonably possible. 

VI.D.2. 

# 

All groundwater monitoring wells required by this Permit in the CA Program shall be 
maintained in conformity with the following: 
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a. The groundwater monitoring system must yield samples in upgradient well(s) that 
represent the quality of the background groundwater unaffected by leakage from any 
regulated unit, and in downgradient wells must yield samples that represent the 
quality of groundwater passing the POC. 

b. The number and location of monitoring wells must be sufficient to identify and 
define all potential release pathways from the unit to the uppermost aquifer based 
on site specific hydrogeologic characterization. 

VI.D.3. The Department must approve the addition or removal of all Permanent monitoring wells 
that are part of the sampling network, prior to inclusion into the network or abandonment. 

a. All wells removed from the monitoring program shall be plugged and abandoned in 
accordance with Permit Attachment 1, Appendix K. Well decommissioning 
methods and abandonment certification shall be submitted to the Department within 
thirty (30) days from the date the wells are removed from the monitoring program. 

b. All monitoring wells added to the existing groundwater monitoring system described 
P P A - r ^ p I ^ I O n V | C ' m U S t b e construed in accordance with the requirements of 
W V ^ C A 4 GmwmWfer A&mformg 7 g c A / » W ^ c g m m / Gw/dkncg Docwme/,/ 
( I bOD) and subsequent guidance, and must be approved by the Department. 

V L E ' GROUNDWATER PROTECTION STANDARD 

VI.E. 1. The Permittee shall monitor the groundwater to ensure that the regulated unit is in 
compliance with the GPSs under 40 CFR 264.92, or that the groundwater is being 
remediated to attain the GPS. 6 

The GPSs are established based upon background values statistically calculated from 

J S P T A ^ f ^ m ^ Z m m k 0 r m 8 3 t t H e U n i t 5 ( ^ " " i t Attachment 2, Appendix F), 
USEPA Safe Drinking Water Act Maximum Contaminant Levels (MCL) Alternate 
Concentration Limits (ACL) established by the Department, or USEPA Region III Risk 

^ z ^ L ^ ^ r o f , h e — * * -fr- -
The GPSs for TCE and its daughter products, together with their detection limits 

A p p S j a P P H C a b l e MCL/ACL/RBCs, are listed in Permit Attachment 2, 

VI.E.2. Background concentrations established at the time of permit issuance are listed in 
Appendix F to Permit Attachment 2. For any newly detected hazardous constituents, 
background values shall be established in accordance with 40 CFR 264 97(g) and as 
specified in Appendix J to Permit Attachment 1 Background groundwater quality for a 
constituent or monitoring parameter shall be based on at least four (4) data points 
collected at background monitoring well(s) during a period not exceeding one (1) year. 

# v'E 3 ^ ^ ^ ^ ^ ^ ^ s s ^ 

0 
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GPS defined by that MCL or RBC will be updated to reflect the most current value 
established by USEPA. 

Any concentration limit based on a background value or ACL may be updated if new 
data become available. The Department will review the ACL changes annually and 
decide if the changes were significant enough to warrant the Department pursuing a 
permit amendment. The Department will notify the Permittee of any such change and 
will provide an amended Appendix K to Permit Attachment 2 to the Permittee. Within 
ninety (90) days of receiving the amended Appendix K to Permit Attachment 2 to the 
Permittee, the Permittee shall provide notice of the modification(s) to all persons on the 
facility mailing list. 

VI.E.4. Pursuant Permit Condition I.K.1 the compliance period during which the GPSs apply 
for Unit 5 will continue until October 28, 2020. If the Permittee is conducting CA at the 
end of the compliance period specified, then the compliance period shall be extended 
automatically until the Permittee demonstrates that the COC concentrations are less than 
the GPS in all downgradient wells for three (3) consecutive years as defined under 40 
CFR 64.100 (f) 

V I P. SAMPLING AND ANALYSIS PROCEDURES 

Pursuant to 40 CFR 264.97(e), the groundwater monitoring program must include 
sampling and analytical methods that are appropriate for groundwater sampling and that 
accurately measure hazardous constituents in groundwater samples. The groundwater 
monitoring program must include consistent sampling and analysis procedures that are 
designed to ensure monitoring results that provide a reliable indication of groundwater 
quality below the waste management area. To make changes to the groundwater 
sampling and analysis procedures specified in this section, the Permittee will submit for 
Director approval an application for a Class 1 permit modification in accordance with 40 
CFR 270.42, Appendix I . The Permittee shall use the following techniques and 
procedures when obtaining and analyzing samples from the groundwater monitoring 
wells described in Permit Condition VI.C.l . 

VI.F. 1. Samples shall be collected using the techniques and procedures described in Permit 
Attachment 1, Appendix H (SAP) and at the frequency specified in Permit Condition 
VI.C.2. 

VI F.2 Samples shall be preserved, packed, and shipped or hand-delivered off-site for analysis in 
accordance with the procedures specified in Permit Attachment 1, Appendix H.4. 

VI.F.3. Samples shall be tracked and controlled using the chain-of-custody procedures specified 
in Permit Attachment 1, Appendix H.3. 

VI G. ELEVATION OF THE GROUNDWATER SURFAflF, 

The Permittee shall determine the groundwater potentiometric surface elevation (and 
depth to bottom of wells not equipped with dedicated pumps) at each monitoring well 
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specified in Permit Sections VI.C to 0.01 foot each time groundwater is sampled in 
accordance with procedures contained in Permit Attachment 1, Appendix H. 

(1) Static groundwater elevations (and total depths for wells that do not contain dedicated 
pumps) will be measured at all wells specified in Permit Section VI.C. during each 
sampling event. 

(2) If, during the course of purging and sampling the data from field parameters and 
visual observation indicate that silt has accumulated in any well, the pump (if dedicated) 
shall be pulled and the total well depth and sediment thickness shall be calculated. 
Corrective measures shall be taken prior to the next sampling event, if necessary. 

VI H. MONITORING PROGRAM AND DATA EVALUATION 

The Permittee shall determine groundwater quality as follows: 

VI.H.l. The Permittee will determine the groundwater flow rate and direction in the uppermost 
aquifer at least semiannually in accordance with Permit Condition VI.C.2. Constituent 
migration rate will be calculated, if necessary to demonstrate the effectiveness of the CA 
and the CA monitoring program. Potentiometric maps showing groundwater elevation 
contours and flow direction during each sampling event shall be prepared at least 
annually. 

VI.H.2 The Permittee shall present the analytical data obtained from the contract analytical 
laboratory as follows: 

a. The Permittee shall determine semiannually the concentrations/values of hazardous 
constituents listed in Appendix J to Attachment 2 and annually the 
concentrations/values of hazardous constituents listed in Appendix K to Permit 
Attachment 2 in accordance with Permit Sections VI.C and VI E. The Permittee 
shall independently complete the validation of the data within two (2) weeks of the 
data being available from the laboratory performing the analyses. 

Estimated values between the MDL and QL will be validated and qualified with the 
"J" flag to indicate the result that a constituent is present and detected at or above the 
MDL, but below the QL. The "U" flag will be used to indicate that the constituent is 
not detected at or above the MDL. 

b. The Permittee will present the groundwater quality at each monitoring well in a form 
appropriate for the determination of statistically significant increases, in accordance 
with 40 CFR 264.97(h). 

The Permittee's report will include at least the following information: the constituents 
analyzed and concentrations with qualifiers, the background values, the GPSs, the 
SW-846 test methods, method detection limits (MDL), quantitation limits (QL)' the 
internal laboratory quality assurance/quality control (QA/QC), matrix spike 
duplicates, percent recovery, duplicate analyses, dilution factors, any lab specific 
detection limit and/or quantitation limit, the results of any screening analyses and 

c. 
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any other information needed to evaluate accuracy, precision, representativeness, 
comparability, and completeness of the groundwater quality data. 

At least semiannually, the Permittee shall determine if constituents contained in 
Appendix J to Attachment 2 are present at concentrations greater than the GPS (Permit 
Attachment 2, Appendix J) in any POC well in accordance with 40 CFR 264.99(h) and 
Permit Section VI.I to evaluate the effectiveness of natural attenuation in this 
groundwater CA program. The Permittee shall use suitable methods to evaluate 
effectiveness and progress of the groundwater CA and monitoring program, for example, 
long-term time concentration plots of constituents of concern exceeding GPS for each 
well and graphic representation of groundwater impact plumes for constituents exceeding 
GPS, when appropriate. 

At least semiannually, the Permittee shall review the data and monitoring results to 
evaluate the concentration trends, the fate and transport for the constituents/indicators 
listed in Appendix J to Attachment 2 and to evaluate the process and progress of natural 
attenuation. 

COMPARISON TO GROUNDWATER PROTECTION STANDARDS 

At least annually, the Permittee shall analyze samples from the POC Wells specified in 
Permit Condition VLC.1. for all constituents contained in Appendix K to Permit 
Attachment 2 (Annual Monitoring List for CAP) to determine whether additional 
hazardous constituents, which are not the targets for the current CA (e.g. TCE and its 
daughter products), are present in the uppermost aquifer at levels exceeding the 
established GPSs specified in Appendix K to Permit Attachment 2. The following 
procedures shall be used: 

VLL 1 Methods of Comparison 

a. If a single independent sample was collected at the monitoring well, the Permittee 
shall conduct an empirical comparison in accordance with Permit Attachment 1, 
Appendix J (Statistical Procedure). 

b. If multiple independent samples were collected from each monitoring well, a 
statistical comparison to the GPS which is approved by the Department shall be 
conducted. Guidelines for method selection are contained in Permit Attachment 1, 
Appendix J. 

The Permittee shall submit written notification to the Department within 7 days of the 
Permittee's identification of the exceedence, for constituents that have not previously 
exceeded the GPS (40 CFR 264.99(h)). The notification shall include the concentration 
of each constituent exceeding the GPS and shall identify the monitoring well(s) where the 
GPS was exceeded. 

The Permittee may resample within 60 days from receipt of the laboratory data and repeat 
the analysis for the constituent exceeding the GPS. If the second analysis confirms the 
presence of constituents at levels exceeding an established GPS or if the Permittee does 
not resample, the Permittee shall then report the constituents to the Director in writing 
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within seven (7) days and the Permittee must propose CA for that contaminant as 
required by Permit Section VLL. 

In accordance with 40 CFR 264 99(i), the Permittee may make a demonstration that the 
™ a s exceeded due to sources other than the regulated unit, was due to an error in 

sampling, analysis or statistical evaluation, or was due to natural variability in the 
groundwater. The demonstration shall be conducted as follows: 

a. Within 7 days of the identification of the exceedence (see Permit Condition VI12 
above) the Permittee shall notify the Department that the Permittee will attempt an ' 
alternate source demonstration, and in 90 days from the identification of the 
exceedence, the Permittee shall submit a report demonstrating this alternate 
contamination source to the Department for its approval. 

# 

VI.I.4 

b. Any resampling, if a part of the demonstration, must be conducted within sixty (60) 
days of receipt of original laboratory data. 

c. Throughout the alternate source demonstration the Permittee must continue to 
monitor in accordance with the CA Monitoring Program established under 40 CFR 
264.100 and to fulfill all its Permit obligations 

d. Concurrent with the submission of an alternate source demonstration, the Permittee 
is obligated to provide the Department with a plan for the facility's proposed CA 
(see procedure at 40 CFR 264(h) and Permit Section VLL.) chosen from all the 
technologically feasible CA alternatives investigated by the facility and documented 
in the plan. 

The Permittee shall specify all GPS exceedences in the Annual Monitoring Report 
defined under Permit Condition VI.J.4, whether it is the first exceedence of that 
constituent or a repeated exceedence. 

V L J - REPORTING AND RECORD KEEPING 

The Permittee shall enter all monitoring, testing, and analytical data obtained pursuant to 
Fermit Section VLJ. in the operating record. The data packages must include all 
computations, calculated means, variances, t-statistic values, and t-test results or the 
calculations and results of statistical tests that the Department has determined to be 
equivalent as appropriate. Information concerning the maintenance of the monitoring 
network wells shall also be entered into the Operating Record. Reports containing the 
information shall be submitted in accordance with Permit Condition I.E.3. 

VI.J. 1 Groundwater Elevation/Potentiometric Contour Maps 

As a component of the annual report containing all information gathered under the CA 
Monitoring Program, the Permittee will submit groundwater elevations and 
potentiometric contour maps depicting groundwater flow paths and supporting 
groundwater elevation data for each sampling event to determine that the existing 
monitoring network continues to be adequate. 
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V I J - 2 - Maintenance and Operation of the Remedial System 

a. If the evaluation determines that the existing monitoring well network no longer 
satisfies the requirements of 40 CFR 264.97(a), the Permittee will submit an 
application for a permit modification to make appropriate changes to bring the 
monitoring system into compliance. Actions taken for maintenance and repair of the 
monitoring system shall be recorded in the Facility Operating Record and included 
in the Annual Monitoring Report. 

b The Department shall be notified in writing when the monitoring portion of the 
natural attenuation remedy is taken off-line or is being repaired, equipment replaced 
or upgraded and the anticipated or actual duration is greater than 30 days. Periods 
less than 30 days shall be noted in the Operating Record and included in the Annual 
Monitoring Report. Note that such notification is required only for action or 
inaction other than the regular routine operation of the remedy set forth in this 
Permit Module or in the CAP in Permit Attachment 2, Appendix I . 

Annual Appendix IX of 40 CFR 264 Data (Appendix K) 

The Permittee shall report the data from the specified wells (Permit Conditions VI.C.l a 
and VLC.l.b) for all constituents contained in (Reduced) Annual Appendix IX of 40 
CFR 264 as specified in Appendix K to Attachment 2 in the appropriate Annual 
Monitoring Report. 

VI.J.4. Contents of an Annual Report 

The annual report, submitted on March 1, of each year shall for monitoring performed in 
the previous calendar year meet all the requirements of an Annual Groundwater 
Monitoring Report and shall include an evaluation of the CA program as required by 
Permit Section VI.B.6. The following items shall be included, at a minimum: 

a. The operator/owner certification signed and dated by an authorized representative of 
the Facility; 

Copies of current potentiometric surface maps and static groundwater level 
elevations for each event during the period. 

Evaluation of groundwater flow directions and gradients and the calculated or 
measured rate of migration of hazardous constituents in the groundwater for the 
period. 

Data package with the certification from the contract analytical laboratory. 

Analytical Result/Data Summary containing the following columns: well name, 
sampling/analytical dates, constituents analyzed, analytical methods, MDL, PQL 
resulting data (concentrations) with qualifiers, and GPSs. 
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f Long-term time concentration plots of constituents of concern exceeding GPS for 
each well. When appropriate, graphic representation of groundwater impact plumes 
for constituents exceeding GPS; 

g. An evaluation of the effectiveness of the remedial measures per 40 CFR 264.100(g) 
and meeting the requirements of Permit Condition VI.B.6.. The evaluation shall 
contain adequate information to demonstrate that the remedial measures are 
addressing the groundwater contamination at and downgradient of Unit 5 and 
progress is being made toward the remediation objectives. The evaluation shall also 
contain updated compliance timeframe predictions using the principles and methods 
presented in the Section 7.4 of Permit Attachment 2, Appendix I . 

h. Copies of all notifications and reports required by this Permit, and 9 VAC 20-60 et 
seq., for the period, and 

i. Copies of all statistical evaluations of the groundwater data for the period. 

V I K. ASSURANCE OF COMPLIANCE 

The Permittee shall demonstrate through the implementation of the groundwater 
monitoring and CA measuresin this Permit, that compliance with the GPS of 40 CFR 
264.92 will be achieved. 

V L L * SPECIAL REQUIREMENT IF ADDITIONAL CA AT THE RFC-ITI ATFn UNIT 
IS REQUIRED = L 

In accordance with the requirements of this permit and the Virginia Hazardous Waste 
Management Regulations (VHWMR), if the Department or the Permittee has determined 
that additional CA at or downgradient of the POC of the Waste Management Area is 
required in pursuant to Permit Condition VI.I.2., Permit Section VLL applies. The 
Permittee is responsible for compliance with Permit Section VLL. immediately upon 
notification by the Department that additional CA is required at or downgradient of the 
POC (40 CFR 264.99(h)(1)). S 

VI.L.I . 

VI.L2. 

# 

The Permittee must notify the Department in writing within seven (7) days from the date 
that the analytical data is available from the laboratory that the GPS has been exceeded 
for any constituent listed in Permit Attachment 2, Appendix K at any well in which the 
GPS has not been exceeded previously and the Department has not been previously 
notified, in accordance with Permit Section VLJ. 

Within 180 days from the date when the new GPS exceedence was first identified by the 
Permittee, the Permittee must submit a Plan to the Department for the proposed CA to 
addresstheexceedence(40CFR264.99(hX2)). ThePermitteeistochoosethisproposed 
CA(s) from all the technologically feasible CA alternatives evaluated, and documented in 
the Plan. The Plan shall address and conform to requirements set forth at 40 CFR 
264.99(h)(2) and shall constitute the Permittee's application for a permit modification to 
initiate the additional CA . 
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VI L.3. To demonstrate an alternative contamination source for the GPS exceedence, other than 
the regulated unit, the Permittee should follow the procedures set forth at 40 CFR 
264.99(i) and in Permit Condition VI.I.3., above. 

V I M. REQUESTS FOR PERMIT MODIFICATION 

VI M.l If the Permittee or the Department determines in writing that the Groundwater Corrective 
Action ongoing at the facility is not adequate, the Permittee shall submit to the 
Department an application for a permit modification proposing a CA Program meeting 
the requirements of 40 CFR 264.100 within 180 days of receipt of the Department's 
determination that CA is required to be modified. Specifically, permit modification 
during implementation of corrective measures at the POC for the regulated Unit 5 shall 
be required if the Permittee or the Department has made any of the following 
determination: 

a. Significant changes must be made to the remedial measures contained in this Permit 
, to protect human health and the environment (Permit Condition VI.B.5); 

b. The corrective measure contained in this permit, e g., MNA, is no longer effective in 
remediating groundwater at the POC and the GPSs are still being exceeded. A 
modification incorporating a different alternate remedial measure is required (Permit 
Condition VI.B.8) to meet the requirements of 40 CFR 264.100; or 

c. A GPS has been exceeded for a constituent for which the current corrective measure 
contained in the Permit will not achieve the remediation goals (see Permit 
Condition VI.I.2 above). 

VI.M.2. If the Permittee or the Department determines the CA Monitoring Program no longer 
satisfies the requirements of 40 CFR 264.99 and 264.100, then within 90 days, the 
Permittee must submit an application for a permit modification to make any major 
changes. 

VI.N. CA SCHEDULE 

Upon addition of Permit Module V I and associated attachments to this permit, the 
following actions will be taken-

VI.N. 1. Within 120 days from the effective date of the permit modification, monitoring well 
5W12A specified under Permit Conditions VI.B.l and Vl.C.l.b will be installed In 
accordance with Permit Conditions VI.DJ and VI.J.2., details of the wells installation 
shall be provided in the subsequent Annual Monitoring Report. 

VI.N.2 Upon completion of the installation of well 5W12A, the first CA Monitoring event, 
defined under Permit Section VI.C, will be conducted in place of the compliance' 
monitoring event scheduled for second quarter 2010. Thereafter, the CA Monitoring 
Program will replace the Compliance Monitoring Program until such time as Permit 
Condition VI.B.9 and/or Permit Condition VI.B.10, has been met. Additionally, 
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meeting the requirements of Permit Condition I.J.1 (Post-Closure Period Reduction) 
will allow the cessation of the MNA remedy. 

# 

# 
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MODULE V I I 

SITE-WIDE CORRECTIVE ACTION 

V I I A - CORRECTIVE ACTION FOR CONTINUING RELEASES: PROTECTION OF 
HUMAN HEALTH AND THE ENVIRONMENT 

The requirements of 40 CFR 264.101 are addressed by the Corrective Action 
Permit issued to the Permittees by EPA Region III which became effective on 
October 31,2000 and shall remain in effect until October 31, 2010. The terms 
and conditions of the Corrective Action Permit issued by EPA are adequate to 
fulfill the Department's requirements for facility-wide corrective action as 
specified in 40 CFR 264.101 as made applicable by 9 VAC 20-60-264. 

A list of SWMUs addressed by the EPA Site Wide Corrective Action Permit and 
a map depicting the locations of the SWMUs are contained within the Part A 
Permit Application. 

V I L B REPORTS. NOTIFICATIONS. AND SUBMISSIONS TO THE DEPARTMENT 

Copies of all notifications, cover letters for reports, and submissions made in 
compliance with the EPA permit shall be provided to the Director of Waste 
Permits in accordance with the EPA permit Part I.B.8. 

# 
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SCHEDULE OF COMPLIANCE 

(RESERVED) 
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FRACTURE TRACE MAP 
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Fracture Trace Map 
Radford Army Ammunition Plant 

Radford, Virginia 
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Site Location Map 
Hazardous Waste Management Units 5 & 16 

Radford Army Ammunition Plant - Montgomery and Pulaski Counties, Virginia 
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APPENDIX B 

CONTINGENCY PLAN 

Please note: In addition to the Contingency Plan for the Post-closure Care Permit for HWMUs 5 
and 16, the Permittees also maintain Contingency Plans for the Subpart O Incinerator and for the 
Subpart X Open Burning Ground. 
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FIGURE 1 
CONTINGENCY PLAN IMPLEMENTATION LOGIC DIAGRAM 
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0 BUILDING 1034, ELECTRICAL SHOP 

(2) BUILDING 1039 

(3) ROADS & GROUNDS 

(4) BUILDING 1908 

(5) BUILDING 350, FIRE DEPARTMENT 

(6) BUILDING 222 

® BUILDING 201, MAIN LABORATORY 

(8) WAREHOUSE NO. 9387-2 

(9) BUILDINGS 440 & 441 

® BUILDING 442 

@ BUILDING 4601-7 
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THE EQUIPMENT AVAILABLE AT EACH 
LOCATION IS LISTED IN TABLE 5 
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FIGURE 2 
EMERGENCY EQUIPMENT LOCATIONS 

NOT TO SCALE 



TABLE 1 

EMERGENCY PROCEDURES 

RFAAP Disaster Control Plan (RFAAP-DCP) provides plans for: 

1) Hazardous material emergency response 
2) Pollution incident reporting 
3) Chemical, nuclear or radiological accident/incident control 
4) Emergency situation reporting 
5) Bomb threats 
6) Crisis emergency/relocation plan 
7) Flood watch 

Spill Prevention, Control, and Countermeasures Plan (SPCC) and Management Manual (MM) 
3-1.1 Environmental, Quality, and Safety Incident Reporting for spills other than hazardous 
waste described in the Part B permit. 

SPCC provides area specific plans including: 

1) Description of physical layout and processes performed 
2) Inventory of tanks, drums, and containment structures 
3) Identification of potential spill scenarios and volumes 
4) Flow path(s) for spills 
5) Any area specific response measures, which may be required 
6) Listing of any treatment facilities servicing the area 

MM 3-1.1 Environmental, Quality, and Safety Incident Reporting is concerned with the 
recognition, reporting, containment and notification procedures in the event of leaks and 
spills 

Fire Prevention and Protection Program describes: 

1) Employee and Fire Department personnel responsibilities for fire prevention and 
protection 

2) Inspection and use of equipment and supplies 
3) Fire Department training program 
4) Building evacuation procedures 
5) Annual Fire Prevention and Protection Program 
6) Prefire plan and other fire plans 



TABLE 1 
EMERGENCY PROCEDURES (continued) 

Plant Protection Plan (PPP) outlines plan protection/security procedures including the security 
of explosives, intrusion detection systems, protective communications and key and lock control. 

Plant Operating Procedures: 

MOP 4-27-2: Maintenance Responsibilities During Disaster and Major Emergencies 

4-27-008 Electrical Distribution System Switching, Shutdowns, & Safe 

Clearannces 

MOP 4-27-111. Protective clothing and Equipment 

MMP 02-1 -09 Flood Watch : 

GOP 4-A-012: Negative Pressure Respiratory Protective Equipment 

GOP 4-A-012A: Positive Pressure Respiratory Protective Equipment 

GOP 4-117: Clean-up Procedures for Liquid Explosive Spills 

GOP 4-A-049: Operation of Two-Way Radio Mobile Units and Fixed Base Central 

GOP 4-3-2: Area General Waste Propellant Incinerator Facility 



TABLE 2 
NOTIFICATION ACTION SUMMARY 

ON-SITE Emergency Contacts 

Emergency Coordinator Office Phone Home Phone Home Address 
Plant Security Ext 7323 NA NA 
Plant Fire Ext 16 NA NA 
Environmental 
Emergency Contact-
Primary Emergency 
Coordinator 

Security will Contact 
NA NA 

Safety On-Call 
Representative 

Security will Contact NA NA 

Environmental Manager -
Jay Stewart 

Cell 540-200-9536 

Use cell 
phone 

Environmental Contact -
Matt Alberts 

Ext 8722 

Cell 540-383-5463 
Use cell phone 

Safety Manager - Joseph 
Betteken 

Ext 8781 
Cell 540-239-6562 

Use cell phone 

ON-SITE Notifications 

Title Name Contact Number 
Director of Safety, Mission 
Assurance, Environmental, 
and Security 

Anthony Miano Cell (540) 239-6378 

Director of Operations MD Guynn Cell 540-230-5408 

OFF-SITE Notifications 
To be made by the Environmental Manager or a designated representative as needed: 
1. Army Administrative Contracting Officer - Operations Division Chief Cell (540) 239-4475 
2. Virginia Department of Environmental Quality Blue Ridge Regional Office 540-562-6700 
3. National Response Center (for releases above an RQ) 1-800-424-8802 
4. Virginia Department of Emergency Management 1-800-468-8892 
5. U.S. Environmental Protection Agency Region 3 (215) 814-5000 
6. Montgomery County Local Emergency Planning Committee (LEPC) (540) 382-2951 
7. Pulaski County Local Emergency Planning Committee (LEPC) (540) 980-7705 
8. Emergency Service Resources (Fire, Ambulance, Police) 911 
9. Chemtrec 1-800-424-9300 



TA8bE3 

EVALOATIONCRITERIAFCR 
IMPLEMENTATIONS 

In accordance with the Contingency Plan Implementation Logic Diagram (Figured,the 
following are examples ofwhen the contingency plan would need to be implemented 

D Forafireand^or explosion Ifthe fire causesareleaseoftoxic fumes m^r go r^rfpl^^^r 
impacts personnel 

D Ifthe fire could spread (is not contained),thereby possibly igniting materials in other 
locations on-site or off-site, or could cause heat induced leaks or explosions 

^ Ifthe use offire suppressant could result in contaminated runoffthat cannot be 
contained 

^ It an explosion has or could. 

o Result in damage from flying fragments or shock waves 

o Ignite other hazardous waste at the fao^ty 

o Release toxic materials 

that could cause harm to human health orthe environment or cannot be contained 

D Or ifafireorexplosion endangers human health ortheenvironmentfor any other 
reason. 

For spills or matenal releases 

^ Ifaspill could release toxic or explosive liquids,thus causmgabre or explosion hazard 

^ Ifaspill could result in off-site or on-site soil contamination and^or ground or surface 
water contamination 

D Ifaspillconstitutesareleaseofa^eportable quanta ofahazardous substance under 
the Comprehensive Environmental Response, Compensation and lability Act 
(CERCLA) 

D Or ifaspill endangers human health ortheenvironmentfor any other reason 



TABLED 

SPILL RESPONSE MEASURES 

The spill response program will be coordinated by the Emergency Coordinator or designated 
representative Guidelines are provided concerning satety,oontainment, evaluation, 
notitioation, treatment and monitoring as related to each spill incident. 

t Safety 

a. Evaluate the hazard otthe spilled ohemioal to personnel which may be involved 
in containment, cleanup, treatment and monitoring operations 

b Assure proper clothing and protective equipment is available and used by 
personnel involved in the spill response 

2 Containment 

a Establish the expected flow path otthe spilled matenal 

b Locate the nearest proposed damming site. 

c Erectadam^notity Roads and Grounds regarding oonstrucbonot dam. 

3. Evaluation ot Spill Extent 

a Obtain pbl readings at site it chemical spilled was an acid or base 

b Conbrm stoppage ot leak at source 

4. Initial Nobticabon 

a. Delegated to the Emergency Coordinator 

b Notify appropriate agencies (see Notibcation Action Summary) 

5 Treatment 

a Straw or other absorbers will be supplied to entrap hazardous wastes which are 
spilled Sites l̂ocabons within the plant containing straw and other entrapment 
materials are controlled by Roads and Grounds 



TA5bE4 
SPIbbRESPONSE MEASURES (cont) 

^ Monitor Program 

Upon receiving notification of an accidental loss to the industrial sewer or surface streams, 
personnel will obtain grab samples at specified locations and time intervals as determined 
by tbe Emergency Coordinator. 

a In-Plant Sites 

i Suggested sampling sites will be determined based on tbe location ot the 
spill 

ii Samples will be collected at internal locations designated 

b New River Site 

i Sampling at the New River site will be performed onastaggered basis 
since the river flow approximates one mile per hour. Sampling will be 
pertormedbytheoperatoratBuilding4330 

7 PmalTreatment 

a Determine disposition ot impounded matenal depending on type and quantity ot 
spill Ensure EPAand DEQ concurwith disposition 

b Provide monitoring tor duration ot disposition 

8. Explosion fragments and materials as well as contaminated soils will be decontaminated 
in eitherthe decontamination oven orthe decontamination incineratoron-site at Radford 
AAP provided they are not TCbP toxic or reactive The decontaminated materials will 
then be disposed of inapermitted landfill or as decontaminated scrap 



TABLE 5 

EMERGENCY EQUIPMENT LOCATIONS AT RFAAP 

Location # 
on Figure 2 Location Description Equipment Available 

1 Bldg. 1034, Electric Shop Rubber gloves and respirators 

2 Bldg 1039 Self-contained breathing apparatus (2) 

3 Roads and Grounds Bldg Respirators, goggles, air fed respirators, safety 
belts, shoe cleats, air compressors (250 and 700 
CFM ratings), portable pumps (50, 100, and 700 
GPM capacities), cranes, bulldozers, movers, 
graders, tow tractors, portable electric generators 

4 Bldg. 1908 Absorbent materials and booms 

5 Bldg. 350, Fire Department • 

Ladder truck, engine, utility truck, brush 
truck, ATV's, command vehicle, and 
ambulance 

6 Bldg 222 HAZMAT trailer with response gear, special 
operations trailer, and 2boats 

7 Bldg 201, Main Laboratory Nitroglycerin remover 

8 Warehouse No 9387-2 Soda ash 

9 Bldgs 440 and 441 
(incinerators 

Ansul Sentry Fire Extmgushers (Model SY-0614 
Dry Chemical). 

10 Bldg 442 Telephone access 

11. Bldg 4601-7 Telephone access and spill cleanup equipment 
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Memorandum of Understanding with Federal Bureau of Investigations (FBI) 



U.S. Department of Justice 

Federal Rurcau of Invcsugaiion 

<n fKpiv I'ICHC dcda to 

^ \" 66F-RH-47299 1970 East Parham Road 
Richmond, V i r g i n i a 23228 
June 17, 2003 

Wayne H. K i r k 
I n d u s t r i a l S e c u r i t y S p e c i a l i s t 
Radford Army Ammunition Plant 
SJMRF-SK SB, P.O. Box 2 
Radford, V i r g i n i a 24143-0002 

Dear Wayne: 

Enclosed please f i n d one o r i g i n a l executed MOO". I have 
r e t a i n e d the second executed copy f o r our records. Thank vox: f o r 
your assistance i n t h i s matter. 

RE: Memorandum of Understanding (MOU) 

Sincerely, 

Lawrence \J. Barry 
Chief D i v i s i o n Counsel 

Enclosure 



DEPARTMENT OF THE ARMY 
RADFORD ARMY AMMUNITION PLANT 

P.O. BOX 2 
RADFORD. VIRGINIA 24143 4002 

SJMRF-RM-SE g ^ O O S 

MEMORANDUM OF UNDERSTANDING 
BETWEEN 

^HE FEDERAL BUREAU OF INVESTIGATION, RICHMOND VIRGINIA 
AND 

RADFORD ARMY AMMUNITION PLANT, RADFORD VIRGINIA 

^ r ^ l ^ ^ ' Z ^ S ^ °f'he S p e d a l Reac , ion T e a m 

1 References-

a Army Regulation 525-13, Antiterrorism, dated 4 January 2002 

b Army Regulation 190-58, Personal Secunty, dated 22 March 1989 

2 Purpose. The purpose of this Memorandum of Understanding (MOU) is to enter 

p t l l ^ r 6 " 1 m t f l t h S F e d e r a ' B u f 6 a u o f ' ^ l i ga t i on (FBI), Richmond Division, 
Rtchnond. Virginia, whereby the FBI assumes primary responsibility for responding to 

(RFAAPr ^ S P e C ' a l S ' t U a t , 0 n S a r i S ' n S 3 1 R a d f ° r d A m i V A m m u " i t , o n P | a n t 

3 Problem The Army requires the RFAAP Commander to maintain the capability to 
respona to major disruptions or special threat situations with specialized team of law 
enforcement personnel within two hours or less from the time of notification RFAAP 

^ s a s s s s s s a K S a , 
4 Scope This agreement is for the transfer of various aspects of an Army SRT 

^ ^ ^ c ^ ^ ^ z s z ^ m 
™ an"RFM;Tf*: ; a , i o n o f s a , d r e q u e s t - * , s h e r e b y ^ * a n d * . 



SJMRF-RM-SE 
SUBJECT Federal Bureau of Investigation Assumption of the Special Reaction Team 
(SRT) Mission cn Radford Army Ammunition Plant 

a The FBI is the pnmary response force to major disruptions or special threat 
situations at RFAAP The FBI is the pnmary operational agency for the management of 
terrorist ncidents occurring within the United States So recognized, the signatories to 
this agreement acknowledge and agree that the FBI will be notified as soon as or.ssible 
of all terrorist incidents, major disruptions, and special threat situations that occur or 
affect RFAAP 

b RFAAP continues to be responsible for all remaining secunty activities within 
their capabilities, and will, for as long as practicable provide first response assistance to 
the FBI when conducting counter threat services on RFAAP This support service shall 
include 

(1) The dispatch of security personnel and equipment for initial response to 
any special threat situation. 

(2) Limited intelligence and logistical support 

(3) Site briefing and installation vulnerability assessments as necessary 

'A) Operational support as requested by FBI. 

c. The FBI agrees to 

11) Provide a qualified response team when RFAAP is confronted with a 
majcr nostile situation 

(2) Provide a qualified hostage negotiator when RFAAP is confronted with a 
nostace situation 

a c c o m o , S S U P P l i S S * " , r ™ t , 0 n " S C e S S a r y ' ° 

^^S^SSsS^SS" 
I his will oe done in a reasonable amount of time, normally two (2) hours 

ro™„ • ( 5 l Coordinate its actions with the RFAAP Commander or his designee It is 
recognized that when the FBI assumes me missim, control of tactic 



SJMRF-RM-SE 
SUBJECT. Federal Bureau of Investigation Assumption of the Special Reaction Team 
(SRT) Mission on Raoford Army Ammunition Plant 

operations is relinquished by RFAAP RFAAP agrees to provide support to the FBI 
within Ihg capability of the installation 

d To conduct an annual exercise on RFAAP ACQ Security Officer maintains the 
primary planning responsibility for this exercise. 

e Post Incident Responsibilities Upon termination of the tactical phase of the 
incident 

(1) ' he FBI may elect to retain incident command and control if one of the 
perpetrators is a civilian. If all subjects are military personnel, the FBI will relinquish 
control of the subjects to military authorities. 

. [ 2 ) . ^ FBI and military personnel may be requested to remain Briefly on site 
p r o % r ™ D r e s e n c e ' s necessary to protect the integrity of the investigative 

««w n ( 3 i ! f 5 ' , w l i l m a k e e v e r y reasonable effort to expedite interviews of military 
and Department of Defense civilian personnel. 

(4) The FBI will protect the identity of any military personnel as may be 
appropriate to the extent of the law 

f Public Afairs 

c o n t r o i o f l S 

j 2 ) RFAAP Public Affairs Office is responsible for coordination with the FBI 
public 3-airs reoresentative 

g liability Between Federal Agencies 

^ z ^ ^ a : ^ % % : ^ c % 
r ^ r f a f w ^ 2 6 7 , 1 * • f o r t h e n e 9 , i 9 e n t o r songful acts or omissions by its 

s r s « r ^ r r r M 

responsibility for the investigation and disposition of an administrative claim arising out 



SJMRF-RM-SE 

< ^ ^ s £ ^ r ^ ^ ° f me Spec,al Reac,,on Team 

of a criminal investigation prompted by this MOU and in which the FBI is the primary 
investigating agency. For all other administrative claims involving multiple federal 
parties and arising out of an activity conducted pursuant to this MOU the federal entity 

(2) Each federal party agrees to notify the other federal party of anv 
administrative claim arising out of an activity conducted pursuant to this MOU 

*H~vn J ™ ! , N ° t h , n 9 "] s e c t b n events any party from conducting an independent 

statute ^ , 1 ^ % , ' ^ 

tn h Q ™
( 5 ) l i ? , e / S s p e c , f i c a l | y addressed by the terms of this MOU. the parties aqr*e 

^beresrjonsiMe for the negligent or wrongful 
l S % ^ a l representation by the United S t ^ 

(6) Each participating agency acknowledges that its liability, if any for the 

SS^H5a£5=SS55=. 
performed by personnel or other member agencies during the duration of this MOU 

dnp« n J l l < £ a ? p a r t I C , p a t i n 9 ^ency acknowledges that the federal government 

§ 3 3 7 4 ^ 1 ^ ^ " ^ ^ '"^governmental Personnel Act (IPA). 5 U S C 

h Each party hereby waives all claims against every other party for compensation 



SJMRF-RM-SE 

%%;c%z;s:=s— «••«—«—~. 
«™™.«. 

drl 
/ / 

f l A / x nan A. Butler V; 
Lieutenant Colons! U S Army Donald W. Thompson Jr 
Commanding Officer Special Agent in Charge 

Federal Bureau of Investigation 
Richmond. Virginia Office 



DEPARTMENT OF THE ARMY 
RADFORD ARMY AMMUNITION PLANT 

PO BOX2 
RADFORD, VIRGINIA 241434002 

DEPARTMENT OF THE ARMY LETTER OF AGREEMENT 

This letter of agreement, entered in to the 7-k day of V u f 2011 between the 
Secretary of the Army acting according to the authority of Section 1856a, Title 42 of United States 
Code fUSQ, Radford Army Ammunition Plant ("RFAAP") by their representatives and LewisGale 
Hospital Pulaski, ("Hospital") details the responsibilities and expectations of each party relative to 
a condition of natural or manmade disaster 

It is agreed that, in the event of an accident or other occurrence which may create an unknown 
number of casualties at RFAAP, RFAAP agrees to provide to the Hospital Emergency Room through 
the designated office or individual, information relative to the nature of the accident or occurrence, 
type of hazardous matenal involved, known or estimated number of casualties, and type(s) of or 
extent of injuries Such communications shall be transmitted via radio, in person or telephone as 
conditions dictate. 

Upon notification. Hospital will determine the extent of mobilization necessary to accommodate 
the number of casualties anticipated. If, upon evaluation by Hospital's Emergency Room physician 
on duty, the Charge Nurse in the ER and the Administrative Nursing Supervisor, current staffing is 
inadequate to provide adequate care to the incoming casualties. Hospital's Emergency Action Plan 
will be implemented. Hospital agrees to provide triage for all casualties, management of casualties 
are defined in the Hospital Emergency Action Manual. 

The provision of triage, admission and management of casualties is extended on behalf of Hospital 
to all civilian, military employees and agents of RFAAP so affected by the accident or other 
occurrence without regard to the nature of the occurrence. In a mass casualty event, On-Scene first 
responders will initiate the triage process to determine level of care needed and bed availability of 
local providers. 

Strict adherence to the principles of security and patient confidentiality is assured by both parties. 
RFAAP agrees to comply with the Health Insurance Portability and Accountability Act of 1996, as 
codified at 42 USC § 1320d ("HIPPA") and any current and future regulations promulgated there 
under including without limitation the federal privacy regulations contained in 45 CFR parts 160 
and 164 (the "Federal Privacy Regulations"), the Federal Security Standards contained in 45 CFR 
part 142 (the "Federal Security Regulations"), and the federal standards for electronic transactions 
contained in 45 CFR Parts 160 and 162, all collectively referred to herein as "HIPPA Requirements" 
RFAAP agrees not to use or further disclose any Protected Health Information (as defined in 45 CFR 
Section 164.501) or Individually Identifiable Health Information (as defined in 42 USC Section 
1320d), other than as permitted by HIPPA Requirements and the terms of this Agreement. RFAAP 
will make its internal practices, books, and records relating to the use and disclosure of Protected 
Health Information available to the Secretary of Health and Human Services to the extent required 
for determining compliance with the Federal Privacy Regulations. 
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RFAAP represents and warrants that it is not an Excluded Provider. For purposes of this Section 
the term Excluded Provider" means a person or entity that either (1) has been convicted of a crime 
related to health care or (2) is currently listed by a federal agency as debarred, excluded or 
otherwise ineligible for participation m federally funded programs (including without limitation 
federally funded health care programs such as Medicare and Medicaid). Further, RFAAP agrees to 
immediately disclose to the hospital and debarment, exclusion or other event that makes RFAAP or 
any individual employed by RFAAP and Ineligible Person with respect to participation in any 
federal health care program, upon which disclosure Hospital may, without penalty, immediately 
terminate this Agreement. 

This agreement shall become effective upon the date hereof and remain in full force until cancelled 
by mutual agreement of the parties hereto, or by written notice by one party to the other party 
giving thirty days notice of said cancellation. W 

LEWISGALE HO: 

Mark Nichols, FACHE 
Chief Executive Officer 

UNITED STATES OF AMERICA 

BY- j & 

=cr̂  
Wm Byron Penland 
Lieutenant Colonel, U S. Army 
Commanding 



DEPARTMENT OF THE ARMY 
RADFORD ARMY AMMUNITION PLANT 

PO BOX2 
RADFORD, VIRGINIA 241434002 

27JUN11 

DEPARTMENT OF THE ARMY MUTUAL AID AGREEMENT 

WHEREAS, Radford Army Ammunition Plant (RFAAP), a Government Owned Contractor Operated 
(GOCO) facility agrees to be bound by this Mutual Aid Agreement and, further, all parties hereto agree 
that the organization will be collectively identified herein as the "RFAAP Fire Department/EMT" although 
there shall be no, nor is there any assumption of liability between or among the two for anv Duroose 
whatsoever 1 v v 

NOW, THEREFORE: 

This Mutual Aid Agreement (MAA) entered into the ?C» day of \ U / u = 2011 between the 
Secretary of the Army acting according to the authority of section 1856a, title 42, United States Code 
RFAAP and the Riner Volunteer Rescue Sauad to secure for each the benefits of mutual aid in the ' 
prevention of loss of life and property from fire or natural disaster It is agreed that 

3 ° , nn r f51 er f t t 0 ^representative of RFAAP, by a representative of participating agency personnel 
of RFAAP Fire Department/EMT will be dispatched when available to any point within the area 
for which the agency normally provides Emergency Medical Service (EMS) protection as 
designated by the representative of participating agency 

b On request to a representative of participating agency by a representative of RFAAP EMS 
equipment, and personnel of that agency will be dispatched when available to any point within 
the junsdiction of RFAAP Fire Department/EMT 

c The rendenng of assistance under the terms of this agreement shall not be mandatory but the 
party receiving the request for assistance should immediately inform the requesting department 
if, for any reason, assistance couldn't be rendered * ^ 

d Any dispatch of equipment and personnel pursuant to this agreement is subject the following 
conditions 3 

1 Any request for aid under this agreement will specify the location to which the equipment 
and personnel are to be dispatched, however, the amount and type of equipment and 
number of personnel to be furnished will be determined by the responding organization 

2 The responding organization will report to the officer in charge of the requesting 
organization at the location to which the equipment is dispatched and will be subject to 
the orders of the official 

3 A responding organization will be released by the requesting organization when the 
services of the responding organization are no longer required, or when the responding 
organization is needed within the area for which it normally provides fire protection 

4 If a crash of aircraft owned or operated by the United States or Military aircraft of any 

S K S f U S 0 p C U f S W l t h l n t h e a r e a f o r w h , c h t n e Participating agency normally provides 
EMS RFAAP, or a representative may assume full command on amval at the scene of 
the crash 
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e Each party hereby waivers all clalmsagalnsteveryotherpartyforcompensatlonforany loss, 
damage, injury,ordeathoccumngasaconseguenceoftheperformanceofthis agreement 
exceptthose claims under 154ISC2210 

f The offlcersand personnel oftheEMT/EIVIS squads ofboth parties to this agreement are invited 
and encouraged onareciprc^al basis, to frequentlyvisiteachotheBsactivityforguided 
familianzation tours consistentwith local secunty requirements and, as feasible, to jointly 
conduct planning inspections and dnlls 

g ThetechnicalheadsoftheElvTT/ElvIS departments ofthepartiestothisagreementare 
authored and directed to meetanddraftany detailed plansand procedures ofoperations 
necessarytoeffectivelyimplementthisagreementSuchplansandproceduresofoperations 
shall become effective by the signatory parties 

h All equipment used in carrying outthis agreements! beownedbythepamcipatingagencyand 
all personnel supporting this requestwill be an employeeorvolunteermemberofthe 
participating agency 

i Thisagreementshallbecomeeffective upon thedatehereofand remain in fullforceunhl 
canceledby mutual agreementofthe parties hereto, orbywntten notice by one party to the 
other party, giving thirty days noticeofsaidcancellation 

RINER VOLUNTEER RESCUE SQUAD 

BY 
Jason Roop ' 

. 'Captain 

UNITED STATES OF AMERICA 

Wm Byron Penland 
LTC, CM 
Commanding 



DEPARTMENT OFTHE^RMY 
RAOFOROARMVAMMUNmONPLANt 

P.OBOX2 
RAOFORO, VIRGINIA 241434002 

27^^^^ 

OEFARTMENTOFTHEARMYIvlUTUAL AID AGREEMENT 

WHEREAS, RadfordArmyAmmunition Flant(RFAAR),aoovemmentownedoontractoroperated 
(GOCO) facilityagrees to be bound bymisMutualAidAgreementand,further,allpartiesheretoagree 
^hattheorganizationwillbecollectively identified herein asthe^RFAAP Fire Oepartment/EMTBalthou 
there shall be no, noris mere any assumption ofliability between oranr^ng the two forany purpose 
whatsoever 

NOW, THEREFORE: 

This MutualAidAgreement(l^) entered into the ^ ^ d a y o f ^ ^ ^ ^ ^ 
SecretaiyoftheArmyactingaccordingtomeaumontyofsection^o6a,title42,Unit^ 
RFAAFandtheRinerVolunteerFireComoanvtose^i i^f^r^h^^^^^^^^^^^ 
prevention oflossof life and propertyfromfireornatural disaster disagreed that 

a OnrequesttoarepresentativeofRFAAP,byarepresentativeofparticipatingagencyfirefighting 
equipmentandpersonnelofRFAAFFireOepartment/EMTwillbedispatchedwhenavailableto 
^nypointwithintheareaforwhichtheagencynormallyprovidesfireprotectionasdesignatedby 
Ihe representativeofparticipating agency 

b OnrequesttoarepresentativeofparticipatmgagencybyarepresentativeofRFAAF,firefighting 
equipment, and personnelofthatagencywillbedispatchedwhenavailabletoanypointwithin 
the firefightingjunsdictionofRFAAF Fire Department/EMT 

c Therendenngofassistanceunderthetermsofthisagreementshallnotbemandatorybutthe 
P̂ rty receiving therequestforassistanceshould immediately informtherequesting department 
if, forany reason, assistancecouldntbe rendered 

d ^ny dispatch of equipmentand personnel pursuanttothisagreernent issubiectthefollowing 
conditions 

1 ^nyrequestforaidunderthisagreementwillspeoifythelocationtowhichtheequipment 
and personnel are to bedispatched, however, the amountandtypeofequipment and 
numberofpersonnel to be fumishedwill be determined bythe responding organization 

2 The responding organization will reporttotheofficerin charge ofthe requesting 
organization atthelocationtowhichtheequipmentisdispatchedandwillbesubiectto 
the orders of the official 

3 ^responding organizationwill be released bythe requesting organization when the 
services ofthe responding organization are no longerrequired,orwhen the responding 
n̂ganization is neededwithintheareaforwhichitnormally provides fireprotection 

4 Ifacrashofaircraftownedoroperatedbythe United StatesorMilitary aircraft ofany 
foreign nationoccurswithintheareaforwhichtheparticipatingagencynormallyprovides 
^protection, RFAAP,orarepresentative may assume fullcommand on arrival atthe 
scene of the crash 

F O ^ O F F f ^ L U ^ O N A Y 



e Each party hereby waivers all claims against every other party for compensation for any loss, 
damage, injury, or death occumng as a consequence of the performance of this agreement 
except those claims under 15 U S C 2210 

f The chief fire officers and personnel of the fire department of both parties to this agreement are 
invited and encouraged on a reciprocal basis, to frequently visit each other's activity for guided 
familianzation tours consistent with local secunty requirements and, as feasible, to jointly 
conduct pre-fire planning inspections and dnlls 

g The technical heads of the fire departments of the parties to this agreement are authonzed and 
directed to meet and draft any detailed plans and procedures of operations necessary to 
effectively implement this agreement Such plans and procedures of operations shall become 
effective by the signatory parties 

h All equipment used in carrying out this agreement will be owned by the participating agency and 
all personnel supporting this request will be an employee or volunteer member of the 
participating agency 

i This agreement shall become effective upon the date hereof and remain in full force until 
canceled by mutual agreement of the parties hereto, or by wntten notice by one party to the 
other party, giving thirty days notice of said cancellation 

RINER VOLUNTEER FIRE COMPANY 

UNITED STATES OF AMERICA 

Commanding 



DEPARTMENT OF THE ARMY 
RADFORD ARMY AMMUNITION PLANT 

P.O. BOX 2 
RAOPORO, VIRGINIA 24143 0002 

DEPARTMENT OF THE ARMY MUTUAL AID AGREEMENT 

p S f l i i 
NOW, THEREFORE: 

This Mutual Aid Agreement, entered into the j i m day cf 3 «. , ~ m j b e t w e e n . h e 

a On request to a representative of RFAAP, by a representative of the participating 
organization/agency, firefighting equipment and personnel of RFAAP Fire 
Department^fT will be dispatched, when available to any pomt wtthm the area for which 
the organuauon/agency normally provides fire protection, as designated by the 
i epres-entative of the participating organization/agency 

o r % A ^ ^ ^ ' ^ ^ Pamcip^ng c^zauon/agcocy by a reprewmatn, 

g » W r ! S S s S f f i S h 

^ ^ 5 = ^ = ^ ^ = ^ = " 
° " -o— ~j **. **'v * ^otoiiiiCc coum iiviL uu jendered 

^ Z ^ S ^ T ^ ^ agraemem,. subject the 

' Any request for aid under th„ agreement will specify the location to which the 
equipment and personnel are to be dispatched, however, the amount and tvpe of 
equipment and number of personnel to be furnished will be determined by the 
responding organisation 

2 ^ res^nd^o ig^HzadonWI report to 

: % t u ^ ^ a Z ^ ^ P - ' ^ , p , c W a m i 
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^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ 

^ Y O ^ R A O ^ R ^ 

BY/ 

Dr. Bruce E Brown 
Mayor 

LNIThD S1A i'ES OK AMI JtlCA 

" 'C RiupalL \ 
\ City Jfranager 

BY ^-C*t cC^r 
^ „ ] Z Z 
Wm Byron Penlaod / 
Lieutenant Colonel. TJ S Arm} 

Commanding 



DEPARTMENT OF THE ARMY 
RADFORD ARMY AMMUNITION PLANT 

P.O BOX 2 
RADFORD, VIRGINIA 241434)002 

DEPARTMENT OF THE ARMY MUTUAL AID AGREEMENT 

WHEREAS, Radford Army Ammunition Plant (RFAAP), a Government Owned Contractor Operated (GOCO) facility 
agrees to be bound by this Mutual Aid Agreement and further, all parties hereto agree that organization will be 
collectively identified herein as the "RFAAP Fire Department/EMT", although there shall be no, nor is there any 
assumption of liability between or among the two for any purpose whatsoever 

NOW, THEREFORE: 

This Mutual Aid Agreement, entered into the - / day of . \ , A s 2011, between the Secretary of 
the Army acting according to the authority of Section 1856a, Title i i . of United States Code (USC), Radford Army 
Ammunition Plant ("RFAAP") by their representatives and the Fairlawn Volunteer Fire Company to secure for 
each the benefits of mutual aid in the prevention of loss of life and/or property damage from manmade or 
natural disasters It is agreed that 

a On request to a representative of RFAAP, by a representative of the participating 
organization/agency, firefighting equipment and personnel of RFAAP Fire Department/EMT will be 
dispatched, when available to any point within the area for which the organization/agency 
normally provides fire protection, as designated by the representative of the participating 
organization/agency 

b On request to a representative of the participating organization/agency by a representative of 
RFAAP, firefighting equipment, and personnel of that organization/agency will be dispatched when 
available to any point within the firefighting jurisdiction of RFAAP Fire Department/EMT 

c The rendering of assistance under the terms of this agreement shall not be mandatory, but the 
party receiving the request for assistance should immediately inform the requesting 
organization/agency if, for any reason, assistance could not be rendered. 

d Any dispatch of equipment and personnel pursuant to this agreement is subject the following 
conditions-

1 Any request for aid under this agreement will specify the location to which the 
equipment and personnel are to be dispatched, however, the amount and type of 
equipment and number of personnel to be furnished will be determined by the 
responding organization. 

2 The responding organization will report to the officer in charge of the requesting 
organization/agency at the location to which the equipment is dispatched and will be 
subject to the orders of the official 
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3. A responding organization will be released by the requesting organization when the 
services of the responding organization are no longer required, or when the responding 
organization is needed within the area for which it normally provides fire protection. 

4 If a crash of aircraft owned or operated by the United States or Military aircraft of any 
foreign nation occurs within the area for which the participating agency normally 
provides fire protection, RFAAP, or a representative may assume full command on 
arrival at the scene of the crash 

e. Each party hereby waivers all claims against every other party for compensation for any loss, 
damage, injury, or death occurring as a consequence of the performance of this agreement except 
those claims under 15 U S C 2210 

f. The chief fire officers and personnel of the fire department of both parties to this agreement are 
invited and encouraged on a reciprocal basis, to frequently visit each other's activity for guided 
familiarization tours consistent with local security requirements and, as feasible, to jointly conduct 
pre-fire planning inspections and drills 

g The technical heads of the fire departments of the parties to this agreement are authorized and 
directed to meet and draft any detailed plans and procedures of operations necessary to effectively 
implement this agreement Such plans and procedures of operations shall become effective by the 
signatory parties 

h All equipment used in carrying out this agreement will be owned by the participating agency and 
all personnel supporting this request will be an employee or volunteer member of the participating 
agency 

i This agreement shall become effective upon the date hereof and remain in full force until 
canceled by mutual agreement of the parties hereto, or by written notice by one party to the other 
party, giving thirty days notice of said cancellation 

FAIRLAWN VOLUNTEER FIRE COMPANY 

/ 
J 

Wm Byron Penland / 
Lieutenant Colonel, U S Army 
Commanding 
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James S Gilmore, III 
Governor 

John Paul WooJley, Jr 
Secretary of Natural Resources 

Q # 
COMMONWEALTH of V1RQ1MA 

DEPARTMENT OF ENWRONMENTA1 QUAUTY 
Street address 629 East Main Street, Richmond, Virginia 23219 

fading address PO Box 10009. Richmond, Virginia 23240 
Fax v 804) 698-4500 TDD (804) 698-4021 

hnp //www deq state va.us 

Dennis H Treacy 
Director 

lSC-t) 698-1000 
i-800-592-54̂ 2 

Certified Mail 
Return Receipt Requested 

November 4, 1998 

C A Jake 
_ Environmental Manager 
Aiiiant Techsystems Inc. 
Radford Army Ammunition Plant 
P.O Box 1 
Radford, VA 24141-0100 

RE: Radford Army Ammunition Plant [RAAP] 
HWMU 5, 7, and 16 Closure Verification 
EPAID# VA12100207306 

Dear Ms. Jake. 

On November 3, 1989, the professional engineer's closure certifications for RAAP's 

mmmmm 
zi3~S~==SS~i 

2 P T e d a n " S d ° S e d K h a 7 a r d 0 U S ' - d f i l l s m accordance j " : ' 
" ^ ™ i f ! ' ^ f U ^ C t ' ° t h e * > « ? « < » " # « m « . o f ,h„e regular . The,: 

- •v^um.iuv. i iu mcic iciiuiation 

unitsarenowsubjecttopost-closurecareinaccordance\\,ththe VHWMRPartsIX X andX' 
Part B permit applicationforpost-closuremainteranceof these units was received on Member 
1/83 Currently, post-closure permitting ofHWMU 7 is actively beiro pursued " ' ' 

/ in J g f „ c v /Ae A'u/uru/ f n , .Suuri'Wrwf 



RAAP 
Page 2 

It there are any additional questions, please contact Debra Miller, Environmental Engineer S 
ot my staff at (804) 698-4206 ° 

cc: Debra Miller, DEQ 
Glenn Von Gonten, DEQ 
Claire Ballard, DEQ 
Melissa Porterfield, DEQ 
Aziz Farahmand, DEQ-RRO 

Sincerely, 

J Dennis H Treacy 
' Director 



t <nn 

/ 
^ A ' i 

^-f^^kt - f^v 

*\ 

M 

J.-.ires S Cilnorc, '11 
'jCicmor 

!ohn P.iul '.v<»j!ey, Jr 
re:ar> of Nirural Resources 

COMMONWEALTH 0/ VIRGINIA 
DEPARTMENT OF BW/RONMENTAi QUAUTY 

Street address. 629 East Main Street, Richmond, Virginia 23219 
\ia.i\nq address PO Box 10o09, Richmond, Vi.-^nia 23240 

Fax xS04) 09X-1M0 TDD (.S04) 593-^21 
httu /Avww u'eq state va.us 

••-mis h [.racy 
H,r:c:or 

s l - i i Mir. 

-^IC-: '- ' : :4-2 

December S. 1098 

C A. Jake 
Allianr. Techsystems Inc. 
Radford Army Ammunition Plant 
P O Box 1 
Radford, VA 24141-0100 

RE: Radford Army Ammunition Plant (RAAP) 
EPA ID# VA12100207306 
Equalization Basin Closure 
Closure Verification 

Dear Ms. Jake. 

On August 7, 1998, RAAP submitted the required closure certifications and ren,^ for ,r, 
equalization Basin. Additionally, on March 27, 1998, RAAP's Equalization Ra.in 
bV/MU //10, was visited by Mike Scott of the Virginia Department (if Envimame\N 
Quality's (DEQ) West Central Regional Orncc Th,s information has heen reviewed 

Based cn -.nis closure inspection and the cl^ure ccrtiikations and report, clean closure h\ 
background wmparison was achieved for ail c-wruents, except Fluoranthene r 
.losure co a residential risk-based deter/i.najor ,as achieved for Fluo%ith^r 
ThereMre, ±e DEQ concurs that clean ch,,,..,, v,r ,r,ds onlv has been achieve! ^ r 
^AAP' , Equalization Basin. Please nou, .r\,..cr, [hat the US. Envirrnmrrrr 
Protection \gency retains the authority to add- ^ corrective action ,,r, r n , - ' i n . 
releases pursuant to the Hazardous and / Amendments uf 10X4 f -
groundwater underneath the Sludge Dry in : : -;"! undergoing closure and .r,a\ ^ 
subject ro the post-closure permit process - ' . - / " . . -d uî dcr Title 9 ut 'he V'-,',-, 

n 

l / i i '^Cicy of the N . / r U:l 



RAAP EQ Basin 
Page 2 

Administrate Code, Chapter 20-60 (9 VAC 20-60 et seq.), if clean closure carina be 

If you have any questions regarding tins letter, please contact Debra A. Miller, 
Environmental Engineer Senior, of my staff at (804) 698-4206. 

c- Claire Ballard - DEQ 
Melissa Porterfield- DEQ 
Glenn VonGonten-DEQ 
Aziz Farahmand-DEQ/WCRO 
Central Hazardous Waste File 

achieved 

Sincerely, 



^ T ^ ^ ^ v ^ 

^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ ^ ^ 



POST CLOSURE CARE AND GROUNDWATER MONITORING 

HAZARDOUS WASTE SURFACE IMPOUNDMENTS 

In accordance with the Virginia Hazardous Waste Regulations, 
this section presents the post-closure plan for, HWM 5 and 7 based 
on the closure of both sites as hazardous units. Unless 
otherwise determined by the State Executive Director post-closure 
care is to extend over a 30-year period (10.6.H). The major 
components of post-closure care as proposed i n this plan are 
groundwater monitoring, inspection and maintenance. Possible 
contingency a c t i v i t i e s are also described i n this section. This 
plan w i l l extend u n t i l such time as a post closure care permit is 
issued. 

Post Closure Contact 

Regginald Tyler 
RADFORD ARMY AMMUNITION PLANT 
(703) 639-8641 

Groundwater Monitoring 

Results of the Groundwater Quality Assessment Program 
conducted at the sites indicate that groundwater contamination 
has occurred. In response to these monitoring results a 
Compliance Monitoring program w i l l be instituted under 10.5.B and 
w i l l continue during the post-closure period. 

This Compliance Monitoring Program w i l l be implemented 
using a minimum of four wells (one upgradient and three 
downgradient), constructed i n accordance with 10.5.H. The wells 
to be used w i l l be selected after f i n a l review of the Groundwater 
Quality Assessment Program. 



Samples w i l l b e collected inaccordance with 10.^.H.4 and (5^ o n a 
quarterly oasis. Background groundwater d u a l i t y w i l l b e determinedfor 
each constituent as specified I n 10.^.H.7. The water d u a l i t y 
parameters that w i l l b e analyzed a s p a r t of t h i s programinclude^ 

^ Specific conductance 

^ Total organic carbon (TOG^ 

^ Total organichalogen (TO^) 

^ pH 

^ Any additional parameters as agreed 

For d u a l i t y control purposes, samples w i l l he s p l i t i n t o four 
portions f o r analysis. Groundwater elevations w i l l he measured f o r 
each sampling event and the d i r e c t i o n and rate of groundwater flow w i l l 
he determined on an annual basis. A d d i t i o n a l l y , a l l monitoring wells 
w i l l he analyzed f o r V i r g i n i a Regulations Appendix 3.6 hazardous 
constituents on an annual hasis. 

I t i s anticipated that because of the nature of the wastes i n t h e 
surface impoundments and the closure a c t i v i t i e s to he conducted as 
described i n Section 6.0, the Radford AAP may elect a f t e r s e v e r a l y e a r s 
of groundwater monitoring to discuss with the Statethere^uirement f o r 
monitoring overa30Dyear period I t i s p r o b a b l e t h a t the groundwater 
dua l i t y at these s i t e s w i l l improve to ambient levels a f t e r several 
years. I f monitoring confirms t h i s then groundwater monitoring could 
be terminated or reduced i n scope. 

Inspection 

I n accordance with 10.6.1.^.(a) regular post^closure i n a c t i o n s 
of the s^tes w i l l he made to ensure the i n t e g r i t y of the cover system 
and a l l associated structures. Inspections w i l l he conducted hy 
q u a l i f i e d personnel on a ^ ^ y hasis, with additional inspections 
following inclement weather or catastrophic events (e g f i r e or 
explosion elsewhere at the Radford AA^. T o e n s u r e t h a t a l l i t e m s o f 
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Maintenance 

Personnel w i n hav, th« opportunity to 
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The cover, drainage slopes, and vegetation w i l l he 
maintained as needed. Damage due to erosion and subsidence w i l l 
he corrected hy adding s o i l and regrading the site. I t is 
expected that no significant subsidence w i l l occur following 
closure, and thus only erosion would be the major long term 
concern. Maintenance of vegetation necessary to control erosion 
w i l l include removing deep-rooted plants and adding f e r t i l i z e r to 
enhance growth as necessary. Overgrowth into drainage swales and 
access roads w i l l be controlled. Swales w i l l be cleared of any 
accumulated material. These precipitation run-off pathways w i l l 
be tested annually for the constituents of which were disposed i n 
the units to determine i f precipitation runDoff is becoming 
contaminated. 

Security w i l l be maintained by immediately repairing or 
replacing any damaged signs or access roads. Damaged monitoring 
wells w i l l be repaired i f possible. I f i t is determined that the 
integrity of the well has been destroyed, then the well w i l l be 
replaced. Surveyed benchmarks used to indicate the location of 
the site w i l l be protected and maintained as necessary. The 
general perimter of the surface impoundment w i l l be easily 
recognizable due to the presence of riprap for slope protection. 

Contingency Activities 

In the event of major damage, contingency measures w i l l be 
promptly ta^en erosion w i l l be repaired by the most appropriate 
of the following measures^ replacement of cover or f i l l s o i l ^ 
restoration of original grade design or replacement with new 
grade designs and^or installation of riprap. Any other cover 
deterioration due to deep-rooted plants, cracking, cold weather, 
or slope i n s t a b i l i t y w i l l be promptly corrected by f i l l i n g , 
regrading and reseeding, as appropriate. Damage to vegetation 
w i l l be controlled by the addition of nutrients, manual watering 
(in the event of droughts, andBBor pest control as appropriate. 



HAZARDOUS WASTE LANDFILL TRENCH 

Since post-closure care i s also required f o r HWM 16, 
groundwater monitoring and inspection programs s i m i l a r to those 
outlined w i l l be implemented. An ad d i t i o n a l inspection item .for 
HWM 16 would be the leachate c o l l e c t i o n sump. I f any leachate i s 
found to have accumulated i n the sump, i t w i l l be removed and 
managed as a l i s t e d hazardous waste and more frequent inspections 
w i l l be conducted. I f i t i s deemed necessary, a routine leachate 
removal program w i l l be implemented. As i n the case of the 
surface impoundments, surface water monitoring w i l l be performed 
annually along drainage ditches to determine i f surface water 
run-off has become contaminated to ensure that there w i l l be no 
release to surface water from the s i t e . Post-closure care w i l l 
continue f o r 30 years, unless otherwise determined by the 
Executive Director. This plan w i l l remain i n e f f e c t u n t i l such 
time as a Post Closure Permit i s issued. 

FUTURE USE RESTRICTIONS 

In accordance with 10.6.H.3., there w i l l be no use of the 
disposal areas (HWM #5, HWM #7, and HWM #16) which would allow 
any disturbance of the i n t e g r i t y of the f i n a l cover, l i n e r ( s ) or 
any other components of any containment system, or of the 
f u n c t i o n o f the associated monitoring systems. Land use 
a c t i v i t i e s that w i l l be prohibited at each f a c i l i t y include: 

On-site construction 

Excavation (except as necessary f o r major maintenance 
a c t i v i t i e s ) 

Well construction on or near the s i t e 

A g r i c u l t u r a l use 

S i l v i c u l t u r a l use 

Water i n f i l t r a t i o n (run-on, ponding, i r r i g a t i o n ) 

Recreational use 

Disposal operations 

V e h i c u l a r t r a f f i c (except as necessary f o r major 
maintenance a c t i v i t i e s ) 

Housing on or near the s i t e . 

NOTICE TO LOCAL LAND AUTHORITY 

As required by 10.6.J, the Radford AAP w i l l submit to the 
local land a u t h o r i t y survey plans prepared and c e r t i f i e d by a 
professional land surveyor which show the disposal areas (HWM #5, 

o 

o 

o 

o 
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o 
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o 

o 
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#7, and #16) with respect to 
These plans shall contain a note 
disturbance of the disposal areas by 

NOTICE IN 0EE0TOPR0PERTY 

permanently surveyed benchmarks. 
stating that there w i l l be no 

Radford AAP. 

As r e a r e d by 10.6.^, a n o t i o n (HWM #7, and #16) w i l l 
be made on tbe deed to tbe f a c i l i t y property that w i l l notify i n 
perpetuity, any po t e n t i a l purchaser of tbe property that: 
^ tbe land has been used to manage hazardous wasted i^s 
use is restricted to that of open spaced and (3) the survey 
plan and record of the type, location, and quantity of hazardous 
wastes disposed on site has been f i l e d with the Executive 
Director and local landauthority. 



INSPECTION CHECKLIST FOR CLOSED ON-SITE FACILITIES 

Inspector Name: 

Date: 

Unit #: 

Correction Action: 

Problem Exists? Degree of Problem? 
Item Problem (Yes or No) (e.g.. Low) 

Soil Cover erosion 
subsidence 
ponding 

PVC Liner exposed 

Grass Cover inadequate growth/health 
deep-rooted vegetation 
presence of undesirable , 

species 
inadequate trimming 

Stormwater 
Drainage 
slopes erosion 

subsidence 

drainage erosion 
swale subsidence 

vegetation growth 
accumulated sediment 

Monitoring Wells 
locks damage 

caps damage 

Security 
warning signs missing 

defaced 
obscured 

access road disreoair 

LEA0HA3E CDLTJCEEDN 
SYSTEM CHM #16) BASIN FULL 

OPERATING EFFHZTVLY 
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ATTACHMENT 1 

Appendix D 

FACILITY CONTACT REPRESENTATIVES 

The post-closure care contact representative for the Naval Surface Warfare Center- Dahlgren 
bites is noted below: ^ 

On-site Operator Contact: 

Mr. Jay Stewart 
Environmental Manager 

BAE Systems Ordnance Systems Inc.Radford Army Ammunition Plant 
Route 114, P.O. Box 1 
Radford, VA 24141-0100 

Owner Contact: 

Mr. Robert Davie, II 
Chief Operations 
United States Army 
Route 114, PO Box 2 
Radford Army Ammunition Plant 
Radford, VA 24141 

# 



Post-Closure Permit Reissuance Application DR.AFT Radford AAP EPA ID No VA12100270730 
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United States Army (Owner) BAE Systems Ordnance Systems Inc. (Operator) 

Radford Army Ammunition Plant 
Route 114 

Radford, Virginia, 24141-0100 

4& 

# 



ATTACHMENT 1 

Appendix E 

SECURITY PROVISIONS AND MAINTENANCE 

1. INTRODUCTION 

Protection of plant personnel, property, resources and operations at the Radford Army Ammunition 

Plant (RFAAP), a Government-owned, contractor-operated (GOCO) manufacturing facility, is provided 

under contract by BAE Systems Ordnance Systems Inc. (BAE) in accordance with Department of the 

Defense (DOD), Department of the Army (DA), United States Army Joint Munitions Command (USAJMC) 

and other regulatory guidance and standards. A subcontractor security guard force, G4S Government 

Solutions, is used to perform and enforce prescribed physical security measures. 

2. SECURITY PROCEDURES AND EQUIPMENT 

Security areas on the installation have been designated as Limited and Posted Areas. These areas 

and corresponding control measures are documented in Chapter 2 of the Plant Protection Plan 

(PPP). RFAAP is considered a "closed post" in that access is controlled at all times by perimeter 

barriers with limited, manned entry control points. The PPP also contains Security Guard orders, 

Security Guard standing operating procedures (SOPs) and numerous plans for execution in specific 

situations such as bomb threat, installation closure, work stoppage and civil disturbance. SOPs 

cover a range of subjects such as property movement, personnel and visitor identification and 

control, vehicle and personnel searches, perimeter inspections, key and lock control, and use of 

force. Security Guard Orders cover specific duties and requirements at assigned Security Guard 

posts, gates and stations. Physical security measures at RFAAP include Security Guard patrols, 

manned security posts, perimeter fencing, badge identification system, lock and key accountability 

and rotation, vehicle registration, pre-employment background investigations, security lighting, 

warning signs and physical barriers. At storage sites, tank inlets and disbursing valves are secured 

with security padlocks. 

3. SECURITY GUARD FORCE 

The Security Guard Force provides 24 x 7 security coverage and is divided into three (3) shifts. Each 

shift consists of manned posts, roving patrols and management personnel. The roving patrols 

perform random checks each shift of manufacturing areas, locked explosive storage buildings and 

road-visible perimeter fencing. 

4. BARRIERS AND ENTRY CONTROL 

Entry to the Radford Army Ammunition Plant is restricted. Personnel must be in possession of a 

valid personnel identification badge or visitor badge. If the person has valid official business at the 



plant or is accompanying a person who does have such business, posted area visitor badges are 

issued and the time and date of entry is recorded. Entry onto any of the HWMUs by anyone other 

than environmental or sampling personnel requires an Area Entry Permit. 

5. WARNING SIGNS 

At all plant entrances and in areas designated as posted, the following "Condition of Entry" signs 
have been erected: 

CONDITION OF ENTRY 

TO 

RADFORD ARMY AMMUNITION PLANT 

All persons, their possessions and vehicles are liable to search upon entering, during 
their stay, or upon their leaving this installation Entry of persons and/or vehicles 
constitutes consent to search by proper authorities at any time. 

The following articles are prohibited on this installation-

8 Alcohol 
• Firearms, Ammunition and Weapons 
• Explosives and Explosives Devices 
• Cameras (Unless Authorized in Writing) 
• Camera Cell Phones (Unless Registered) 
• Intoxicants and Drugs 
• Gambling Devices 
• Chemical Emission Devices 
• Stolen Property and Obscene Literature 

By Order of the Commanding Officer 

Signs reading "U.S. Government Property-No Trespassing" are located approximately every 500 feet 
on the installation boundary, except where designated Limited Area fences are not located on or 
reasonably adjacent to the property boundary. 

Every 500 feet on Limited Area fencing and at other highly visible locations, such as corners and 
gates, the following sign is located on the fence facing outward: 



U.S. ARMY 

RESTRICTED AREA 

WARNING 

This area has been declared a restricted Area by authority of the Commanding Officer, in 

accordance with provisions of the Directive issued by the Secretary of Defense on 20 August 1954, 

pursuant to the provisions of Section 21, Internal Security Act of 1950. Unauthorized entry is 

prohibited. All persons and vehicles entering heron are liable to search. Photographing, making 

notes, drawings, maps, or graphic representations of this area or test activities are prohibited unless 

specifically authorized by the Commanding Officer. Any such material found in the possession of 

unauthorized persons will be confiscated. 

In addition, information signs warning against smoking and the introduction of matches and other 

flame-producing devices are displayed at all normally used gates. 
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Attachment F 

INSPECTION REQUIREMENTS 

Appendix F. 1- Example Semi-annual Inspection Log 
Appendix F. 2- Facility Benchmark Location Maps 



PERMIT ATTACHMENT 1 APPENDIX F 

INSPECTION AND MAINTENANCE PLAN 

1.0 HIGHLIGHTS 

a:wmm#P 
•HHIHIfc* 
2.0 GENERAL INSPECTION REQUIREMENTS 

SESS5Ss==ss=«i=Sfff!sas 
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3.0 INSPECTION SCHEDULE 
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TABLE 1 - INSPECTION SCHEDULE 

INSPECTION ITEM 

Final Soil Cover 

Vegetative Cover 

TYPES OF PROBLEMS 

Erosion, Settlement, Subsidence, 
or Displacement, and Pondin 

Dead vegetation, or inadequate 
growth, presence of trees, shrubs, 
or deep rooted vegetation, need to 
fertilize, irrigate, or cut grass 

FREQUENCY OF 
. INSPECTION 

Semi-annually 

Peripheral Drainage Swales 

PVC Liner 

Stormwater Drainage Areas 

Monitoring Wells (Outer 
protective casing, well caps and 
locks, concrete pad, and inner cap 
and riser) 

Security 

Benchmarks 

Erosion, Subsidence. Pooling 

Exposure 

Erosion, Subsidence, Vegetation 
growth, Accumulated Sediment 

Damage to Locks and Caps and 
cracks or settlement 

Damage to Fencing, Warning 
Signs, and Access road 

Damage to monument 

Semi-annually 

Semi-annually 

Semi-annually 

Semi-annually 

Semi-annually 

Semi-annually 

4.0 SECURITY CONTROLS 

4.1 Fencing 

#mm#m=ssr 
4.2 Warning Signs 

S « 5 S S ? 5.0 
M A ? N T E D

N S S N , T O R I N G S Y S T E M
 SECTION AND 

5.1 Inspection 



S S S B » 
5.1.1 Inspection of outer protective casing 

m % y ' ^ ^ 

512 Well caps and locks 

S S T ^ 1 be visualIy inspecKd ,0 insure ,hat "°,h -in»™and 

5.1.3 Concrete pad. 

The concrete pad shall be visually inspected for the presence of cracks and 

5.1.4 Inspection of inner cap and riser pipe. 

intS = % r t " "e ' m ^ d < ° ^ *** « 

Preventive/Corrective Maintenance 

M ? „ w i ° „ g t « " S P e C , i ° n S ' m ° n i , 0 r i n g W e " S S h a " ta "y conducing ,he 

• Replacement of well caps. 
• Lubrication of locks. 
• Replacement of locks. 
• Painting of outer protective casing in high visibility color 
• Replacement of concrete pad. 
• Replacement of well. 

Inspection Record Keeping 

smmmmt. 



6.0 BENCHMARKS 

^SS^^^^^a-^ 

7 0 ^s^^s^^^ssi^ss^ 

lf»JIIP3f 
mMfm^^sB^: 
7.1 Erosion Controls 

m#m#:m#m. 
7.2 Final Cover System 

A^Units were capped wi± a composite liner consisting of (from ground surface to base 
• vegetative cover; 
• riprap perimeter; 
• filter fabric between the riprap and the cover soil-
• two feet of topsoil; 
• one foot of drainage layer (10"3 cm/sec permeability)-
• a 30 mil PVC membrane liner; and 
• two feet of clay (10"7 cm/sec permeability) 



7.2.1 Settlement, Subsidence, and Displacement 

a g s g s a s r 
7.2.2 Erosion Damage/Water Pooling 

:###m#m=s 
7.2.3 Vegetative Cover 

mmsa 
^ s s ^ s 

Peripheral Drainage Swales 
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APPENDIX F.l 
EXAMPLE SEMI-ANNUAL INSPECTION 



DUP 6057F (Rev Lev 0, 11/1/2000) 

INSPECTION OF CLOSED HAZARDOUS WASTE MANAGEMENT FACILITIES 

Name of Hazardous Waste Management Facility 
HWMU Facility No ' 
EPA Permit No. _ _ ^ I Z Z I Z Z Z Z Z Z Z Z Z Z Z Z Z m " 
Date of Inspection" / / Time of Inspection AM/PM 
Reason for Inspection-Semiannual/ Maior rainfall event (2" in 8 hr period)/ catastrophic event 

ITEM INSPECT FOR DEFICIENCIES 
NOTED 

REMEDIAL 
ACTION 

REQUIRED 
Final Soil Cover » Erosion 

• Settlement, 
Subsidence, or 
Displacement 

• Pooling 
Vegetative Cover • Dead vegetation, or 

inadequate growth 
• Presence of trees, 

shrubs, or deep rooted 
vegetation 

• Need to fertilize, 
irrigate, or cut grass 

PVC Liner • Liner exposed 
Peripheral Drainage 
Swales 

• Erosion 
• Subsidence 
• Pooling 

Stormwater Drainage 
Areas 

• Erosion 
• Subsidence 
• Vegetation growth 
• Accumulated sediment 

Security • Access road in place 
• Warning signs legible 

and in place 
• Fences not breached 

and no visible damage 
Monitoring Wells 

8 Outer protective 
casing 

• Well caps and 
locks 

• Concrete pad 
• Inner cap and riser 

• Casing in good 
condition 

• In place and 
functioning 

• Cracks or settlement 
• Intact and functioning 

Benchmarks (3) • Monuments present 
and visible 

• Damage to monument 

Date and nature of repairs or remedial action 

Printed Name of Inspector Signature of Inspect, 

Company 

Date remedial action completed Remedial action approved by 
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Radford Army Ammunition Plant Benchmark Location 
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RADFORD ARMY AMMUNITION PLANT 
HERCULES INCORPORATED 

RADFORD, VIRGINIA 

1991 GEODETIC GROUND CONTROL NETWORK MONUMENT SURVEY 

REFERENCE AND RECOVERY DATA SHEET 

VIRGINIA COORDINATE SYSTEM OF 1983 • SOUTH ZONE 

STATION 

Draper Aden Associates 
CONSUL TING ENGINEERS 

BLACKSBURG - RICHMOND. VIRGINIA 
NASHVILLE. TENNESSEE 
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RADFORD ARMY AMMUNITION PLANT 
HERCULES INCORPORATED 

RADFORD, VIRGINIA 

1991 GEODETIC GROUND CONTROL NETWORK MONUMENT SURVEY 

REFERENCE AND RECOVERY DATA SHEET 

Draper Aden Associates 
CONSULTING ENGINEERS 

8LACKSBURG - RICHMOND, VIRGINIA 
NASHVILLE, TENNESSEE 



RADFORD ARMY AMMUNITION PLANT 
HERCULES INCORPORATED 

RADFORD, VIRGINIA 

1991 GEODETIC GROUND CONTROL NETWORK MONUMENT SURVEY 

REFERENCE AND RECOVERY DATA SHEET 

Diaper Aden Associates 
CONSULTING ENGINEERS 

BLACKSBURG • RICHMOND. VIRGINIA 
NASHVILLE. TENNESSEE 
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Attachment 1 

Appendix G 

PERSONNEL AND TRAINING 

Appendix G. 1 Outline of Training Program 

Appendix G.2 Job Description Summary 

Appendix G.3 Personal Training Summary 
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Post-closure Care Permit, Radford AAP 
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EPA ID No VA 12100270730 
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ATTACHMENT 1 
APPENDIX G 

PERSONNEL AND TRAINING 

A. Appropriate training shall be completed by all persons at RAAP and/or their consultants 
who are or may be involved in a task associated with a hazardous waste post-closure care 
activity. The Permittee shall insure that those individuals responsible for groundwater 
monitoring, inspections, and repair are appropriately trained. New employees who have 
as part of their job responsibility tasks which are associated or may be associated with a 
post-closure care activity shall not work unsupervised until the training requirements in 
accordance with this permit are completed. Such new employees shall complete required 
training within six months of their employment date. 

B. All training of personnel shall be documented at the time of each completed session and 
such documentation shall be maintained in the facility files in the operating log for at 
least three years from the date on which the training was completed. Such documentation 
shall include the name of each trainee and trainer, date of instruction, and a summary or 
outline of the training session. 

C. All training under this permit shall be reviewed at least annually and updated as 
necessary. All personnel who are subject to the training requirements under this permit 
shall be required to review their training at least annually. 

D. In general, all personnel who are actively associated or may be associated with the proper 
inspection and maintenance of the monitoring wells and the proper operation of the 
monitoring wells are required to read the Permittees' Post-closure Plan and/or Sampling 
and Analysis Procedures as appropriate. The personnel shall be trained to properly 
perform their assigned duties including, but not limited to, conducting inspections 
required by Permit Attachment H, obtaining samples from groundwater monitoring wells 
and maintaining documentation in accordance with the requirement of this permit. 

E. The personnel noted above shall be required under this permit to fully understand the 
techniques of proper maintenance and operation and maintain appropriate documentation 
required under this permit. Supervisory staff shall be trained to review and to provide 
appropriate guidance and/or liaison with the Permittees' management. The Permittee 
shall provide sufficient opportunity for personnel to acquire a full understanding of 
maintenance and operation techniques by providing sufficient instruction and/or 
sponsoring sufficient instruction by professionals who are qualified to provide such 
instruction. 
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F. All personnel who are or may he exposed to the hazards associated with the post-closure 
care activity shall receive 
personnel training as specified hy the Occupational Safety and health Act^DSrlA) 
requirementsin2^CPR1^10.120. 

O. The personnel involved in the actual post-closure care activity,specifically the 
groundwater monitoring wells,within the scope ofthis permit will he trained in the 
proper proceduresfor spent monitoring well sample effluent ^i.e.,purge water, 
decontamination fluids)and the Sampling and Analysis Plan and groundwater 
Monitoring Program required hy Permit M o d u i e s I ^ ^ a n d ^ I . These procedures will 
ensure continued safe operation and maintenance and compliance with applicable 
environmental regulations. 

H Thefacility contact will he responsihleforthe overall training program, scheduling and 
documentation of such training and shall serve as the post-closure careTraining Director. 
Flê she shall ensure that all suh-contractors are trained in accordance with OSrlA 
1^10.12^2). 

L All personnel required under this permit to receive training shall at minimum shall he 
instructed in thefollowing areas-

1.1 Area specific management practices regarding post-closure care activities. 

1.2. Security and safety. 

1.3. general and area specific inspections and record keeping. 

1.4. Regulatory updates which affect operations and activities. 

1.5. ^oh function and procedural descriptions of eaeh employees respective role in 
post-closure care. 

J. Appendixlof this Attachment providesasummary of the position descriptions and 
specific training requirementsfor personnel who have or may he given tasks associated 
with post-closure care activity. 

^ 
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OUTLINE OF TRAINING PROGRAM 
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Training Outline 

1. Personnel Training 

The purpose of the introductory and continuing hazardous waste training program is to 
educate the employees who are responsible for handling hazardous wastes and any post 
closure care permit related tasks. The program makes known to the employee the 
hazards of those wastes and the proper procedures to follow in the event of an 
emergency. The employee training has been and will be completed through formal 
classes and through on-the-job training given by Permittee. 

2. Outline of the Training Program 

The permittees have an established section of personnel responsible for the employee training 
program. The training program at the facility consists of a general orientation, instruction for 
area-specific procedures, on-the-job training, and a general and continuing training program. 

3. Job Title/Job Description 

Job titles, job descriptions, and the names of those individuals involved with hazardous 
wastes at the permitted treatment and storage area are summarized in the table in Appendix 
G.3. Those job titles and the name of the individual filling it are maintained and kept on file 
at the facility. 

4. Training Content, Frequency, and Techniques 

Introductory training for all facility employees consists of general orientation which is 
provided by the facility training department. Training in operating procedures is given on-
the-job by the area foreman. The operating procedures cover subjects such as cleaning 
equipment and materials, operating equipment and materials, safety rules and precautions, 
and a step-by-step description of the designated task. 

Facility personnel have or will successfully complete the required training program within 
six (6) months after the effective date of their employment or assignment to the permitted 
treatment and storage area, or to a new position at the permitted treatment and storage area, 
whichever is later. Employees will not work in unsupervised positions until they have 
completed the training requirements described in this section. Facility personnel will also 
participate in an annual review of the introductory training program. 

All personnel who are or may be exposed to the hazards associated with the post-closure care 
activity shall receive the appropriate training and shall utilize the appropriate personnel 
training as specified by the Occupational Safety and Health Act (OSHA) requirements in 29 
CFR 1910.120. 
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5. Training Director 

The overall responsibility for facility training is the Permittee. 

Permittee conducts or oversees all hazardous waste management training and maintenance of 
personnel training records. The responsibilities for this position include compiling the 
hazardous waste annual report, notifying health, safety, security, operations, and fire 
departments of changes in facility status, and reviewing operating procedures. Appropriate 
changes in facility operating procedures are implemented as a result of training. 

Operating personnel receive on-the-job training based on these operating procedures. In this 
way, the training of the operating personnel in facility procedures is accomplished. The 
training department manager maintains the records of all training at RFAAP. 

6. Relevance of Training to Job Description 

All employees receive general plant orientation and training in area specific procedures. 
Employees then receive on-the-job training which specifically pertains to their area of 
involvement. If the monitoring is outsourced, the contractor employees will be trained to 
comply with the requirements of the permit. 

Training records are maintained for all facility employees. Training records of all employees 
involved with hazardous waste management will be reviewed annually in order to ensure that 
employee training is current and that appropriate and relevant training is coordinated with 
employee job functions. 

Contractor employees training records will be maintained by the contractor and supplied to 
ATK on an annual basis for recordkeeping. 

7. Training for Emergency Response 

The training program at RFAAP includes on-the-job training to cover effective response to 
emergencies. 

Due to the reactive wastes at the facility, it is imperative that adequate fire prevention and 
protection is provided by the facility's fire department. The Fire Prevention and Protection 
Training Program includes drills, exercises, and hands-on training sessions. Each fireman 
receives minimum of four hours training each week. A training schedule is prepared and a 
training record is maintained on each fireman and retained in the fire station. New firemen 
receive formal and on-the-job training and respond with the fire company to all fires. The 
basic training period usually covers at least 18 months depending on prior qualification and 
experience of the new fireman. Training of other employees is conducted during drills and 
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safety meetings. Fire department personnel are available to other people on request to 
conduct classes, demonstrations and drills. 

8. Implementation of the Training Program 

There exists at RFAAP, an extensive system and computer program to ensure that required 
on-the-job training has been conducted with each employee. Based on the job 
title/description, each employee is assigned two sets of training programs and procedures. 
The first set is a general plant training set that each new employee gets and the second set of 
training is an area and job specific set. These training sets have a deadline that they have to 
be completed by and if they are reaching the deadline or miss it, the employee and/or 
employee's supervisor will receive notification to that effect. On-the-job training and area 
specific procedure training is usually preformed by the forman/supervisor to the employees 
and when complete they will verify the training by signing a sign-off sheet. 

Training records and the computer training program is maintained by the training 
department. The system notifies supervision when training is required. 

Current training records of employees involved with hazardous waste management will be 
kept until closure of the hazardous waste facilities. Training records on former employees 
will be kept for at least three years from the date the employee last worked at the facility. 
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APPENDIX G.2 
JOB DESCRIPTION SUMMARY 

A. Facility Coordinator: 
Oversees the monitoring wells, unit cap, security fence safety, and inspection and 
maintenance programs. Has record keeping responsibilities, retains Hazardous Waste 
Management Facility Permit, inspection checklists and/or logs, and assures that all 
inspection and maintenance schedules are in accordance with Permit Attachment 1 
Appendix F. 

B. Monitoring Well Samplers: 
Follows sampling protocol as described in Permit Attachment 1 Appendix H. Collects 
samples and decontaminates equipment. Stabilizes samples and provides transport to 
appropriate laboratory facility for analysis. Transports and disposes of purge or 
decontamination water at the on-site water treatment facility. Checks wells for structural 
integrity and security. Redevelops monitoring wells when necessary. Maintains accurate 
and detailed records/logs of observations and remediation if required in accordance with 
Permit Attachment 1 Appendix H. 

C. Hazardous Waste Management Unit Inspectors: 
Follows inspection requirements as outlined in Attachment 1, Appendix F. Inspects the 
HWMU's following the inspection schedule, record keeping requirements, and training. 
Maintains accurate and detailed inspection forms noting any issues and 
corrective/preventive actions taken. 
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APPENDIX G.3 

PERSONNEL TRAINING SUMMARY 

TITLE RESPONSIBILITY AND TRAINING 
REQUIREMENTS 

RCRA Coordinator Responsible for overall administration of 
hazardous waste management program as 
directed by the Army under the terms of 

the operating contract for the installations. 
Trained in all aspects of hazardous waste 

management. Involved in pollution 
abatement and hazardous waste 

management. Responsible for Waste 
Analysis Plan. 

Training Coordinator Conduct general and continuing training 
program. 

Plant Protection 
Manager 

Overall monitoring of radio transmissions 
and HWMU security. Trained in all 

aspects of hazardous waste emergency 
response. 

Fire Department 
Coordinator 

Assist in preparation and presentation of 
training program, maintain pre-fire plan for 
SWMU's, responds to fire alarms. Trained 
in hazardous waste emergency procedures. 

Medical Director Responds to all health emergencies. 
Responsible for all aspects of hazardous 

waste emergency health responses. 
Sub-contract 

Groundwater Samplers 
Responsible to have trained personnel to 
properly collect groundwater samples. 

Trained to collect groundwater samples. 
Inspector Responsible for performing the required 

inspections and trained to inspect the 
closed units according to the permit. 

Firemen Respond to hazardous waste emergencies. 
Trained in all aspects of hazardous waste 
emergency response. Training conducted 

with regular fire training and not hazardous 
waste program. 

Environmental 
Manager 

Functions as alternate to RCRA 
Coordinator. Responsible for overall plant 
environmental management. Trained in all 
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aspects of manufacturing and hazardous 
waste disposal operations. 

VP Operations Functions as alternate to RCRA 
Coordinator. Responsible for overall plant 

management. Trained in all aspects of 
manufacturing operations. 

NOTE: Names of responsible personnel associated with Permit compliance will be maintained 
in the facility record at Radford AAP in accordance with 40 CFR § 264.16.d. 



HAZARDOUS WASTE MANAGEMENT 
POST-CLOSURE CARE PERMIT 

ATTACHMENT 1 

APPENDIXH 

GROUNDWATER COMPLIANCE 
MONITORING PROGRAM- EXAMPLE OF 

SAMPLING AND ANAL YSIS PLAN 

FOR ALL POST-CLOSURE CARE UNITS 



Post-Closure Permit Reissuance Application DRAFT. Radford AAP 
Appendix H to Attachment 1 - SAP 

EPA ID No VA 1210020730 
9/15/2011 

ATTACHMENT 1 

Appendix H 

GROUNDWATER COMPLIANCE MONITORING PROGRAM 

SAMPLING AND ANALYSIS PLAN 

TABLE OF CONTENTS 

[.INTRODUCTION * 
II . PRE-FIELD OFFICE ACTIVITIES 

II . A. Summary of Tasks to Be Performed 1 
II. B. Office Activities 1 

//. B. 1 Notification of the Analytical Laboratory(ies). . 1 
/ / B. 2 Review the SAP and the Health and Safety Plan 1 
// B. 3 Quality Assurance/Quality Control 2 
/ / B. 4. Sample Shipment Containers: 2 
II.B.5. Field Sampling Equipment Requirements. 2 

III. DOCUMENTATION REQUIREMENTS 2 
III. A. Previous Field Data Sheets ^ 2 
III.B. Field Log Book — 2 
III.C. Chain of Custody Forms 3 
III. D. Field Data Sheets — . 3 
HI E. Notification of Designated Plant Personnel 3 

IV. ON-SITE ACTIVITIES 4 
IV. A. Calibration of Meters 4 
IV.B. Measurement of Static Water Level Elevations 4 
IV. C. Equipment 4 

I V C 1 Interface Probe 5 

IV. C.2. Electric Probe Method ^ 5 
V. CALCULATION OF STATIC WATER/PURGE VOLUME: --— 6 

V. A. Purge Volume - 6 
V. B. Micro (or Low Flow)-purging 6 

V B 1 Introduction and Overview 6 
VB2 Purging Equipment 7 
V. B 3 Low-flow Purging Procedures 7 
V B. 4 Monitoring Indicator Field Parameters 8 
V B 5 Purging Observations 9 

VI. WELL EVACUATION 9 
VI. A. NAPL Layers , 9 
VLB. pH and Specific Conductance 9 
VI.C. Equipment , 9 



Post-Closure Permit Reissuance Application DRAFT Radford AAP EPA ID No VA 1210020730 
Appendix H to Attachment 1 - SAP 9/15/2011 

VI.C.l Bailing. -9 
VI.C.2. Peristaltic Pump 10 
VI.C.3 Bladder Pumps 11 
VI.C 4 Submersible Pumps 12 
VI. C. 5. Purger Pump • 13 

VII. MONITORING WELL SAMPLING 13 
VILA. Compliance Monitoring. 14 
VII.B. Annual Appendix IX to 40 CFR Part 264 Sampling 14 
VII.C. Sampling Procedures « 14 

VIICI . Low Yield - 14 
VII. C. 2 Volatile/Gases 14 
VII. C. 3 Large Volume 14 
VIIC 4 Filtration , 14 
VIIC. 5. Sample Collection 14 
VIIC. 6. Sample collection sequence. 15 

VII. 0. Equipment: 15 
VIID 1 Bailing and Sample Collection 15 
VIID. 2. Peristaltic Pump • 16 
VIID. 3 Bladder Pumps: 17 
VIID. 4. Submersible Pumps 18 

VIII. DECONTAMINATION PROCEDURES 18 
VIII. A. Lab Cleaning ^ 1 g 
VIII. B. Field Cleaning 19 

IX. QA/QC PROGRAM 20 
IX. A. Field QA/QC 20 

IX.A. 1 Trip Blank: 20 
IXA 2. Equipment Blank: 20 
IX.A.3. Duplicate samples ^ 20 
IX A 4. Sample Transport and Handling 20 
IXA. 5. Field Logbook ^ 20 

IX. B. LABORATORY QA/QC CONTROL OBJECTIVES * 21 
IXB 1 Laboratory Analysis 21 
IX.B.2 Internal quality control a.21 
IX B 3. Calibration 21 
IXB.4. Duplicate samples ^ 21 
IX. B.5 Sequential Dilutions- 22 

X. RECORD KEEPING AND REPORTING 22 
X. A. Documentation •> 22 

X A 1 Chain-of-Custody Sheets 22 
X. A.2 Field Data Sheets 22 
X.A. 3. Site Data Sheet 22 

X.B. Reporting Requirements 23 
X.B.I. Groundwater Monitoring Results 23 



Post-Closure Permit Reissuance Application DRAFT Radford AAP EPA ID No VAI210020730 
Appendix H to Attachment I - SAP 9/J5P011 

XB.2. Annual Report 23 

APPENDIX ELL , 0 

GROUNDWATER LOG EXAMPLE , 0 

APPENDIX EL 2 4 
EXAMPLE PURGE VOLUME CALCULATIONS 4 

APPENDIX H. 3 6 

EXAMPLE CHAIN OF CUSTODY FORM 6 

APPENDIX H.4 0 
RECOMMENDED SAMPLE CONTAINERS AND PRESERVATIVES—, 0 

APPENDIX H. 5 , 2 

GROUNDWATER MONITORING WELL CONSTRUCTION DIAGRAM 2 

APPENDIX H. 6 , 0 
QUALITY ASSURANCE PROJECT PLAN: AN EXAMPLE 0 

1.0. INTRODUCTION ! 
2.0. PROJECT DESCRIPTION ! 

2.1. Introduction j 
2.2. Target Compounds 1 
2.3. Data Use 1 
2.4. Sampling Locations 2 
2.5. Schedule 2 

3.0. QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA 2 
3.1. Precision 2 

4.0. LABORATORY ANALYTICAL MEASUREMENTS "'. 2 
4.1. Accuracy _ 3 

5.0. SAMPLING PROGRAM 3 
5.1. Field Measurements 3 
5.2. Groundwater Samples 3 
5.3. Trip and Equipment Blank Collection 4 
5.4. Laboratory Replicate Samples 5 
5.5. Containers, Preservation and Holding Times 5 
5.6. Chain-of-Custody Procedures 5 
5.7. Sample Transportation and Storage 5 
5.8 Prevention of Cross-Contamination 5 
5.9 Documentation of Sampling Activities 5 

6.0. SAMPLE CUSTODY 6 

6.1. Field Custody 6 

6.2. Laboratory Custody 6 



Post-Closure Permit Reissuance Application DRAFT Radford AAP EPA ID No VA1210020730 
Appendix H to Attachment 1 - SAP 9/15/2011 

7.0. CALIBRATION PROCEDURES AND FREQUENCY , 7 
7.1. Field Instruments 7 
7.2. Laboratory Instruments 7 

8.0. ANALYTICAL PROCEDURES 7 
8.1. Field , 7 
8.2. Laboratory 7 

9.0. INTERNAL QUALITY CONTROL (QC) CHECKS , 8 
9.1. Field QC Checks g 
9.2. Sample Collection 9 
9.3. Laboratory QC Checks 9 

10. DATA REPORTING , 9 
10.1. Field Data Reduction 10 
10.2. Office Data Reduction 10 
10.3. Data Reduction 1Q 
10.4. Data Reporting 1 Q 

APPENDIX H. 7 , 11 
EXAMPLE LABORATORY QUALITY ASSURANCE MANUAL 11 

APPENDIX H. 8 1 3 

EPA III MICRO-PURGING GUIDANCE 13 

APPENDIX H.9 1 4 

INVESTIGATIVE DERIVED WASTE POLICY 14 



Post-Closure Permit Reissuance Application DRAFT Radford AAP 
Page 1 of 23.Appendix H to Attachment 1 - SAP 

EPA ID No. VA1210020730 
9/15/2011 

I . INTRODUCTION 
The groundwater beneath the closed waste management area (WMA) will be monitored 
with an upgradient monitoring well, downgradient point of compliance monitoring wells, 
and compliance monitoring wells. The wells are located as specified on the map 
presented in Appendix A.1 to Permit Attachment 2 and 3 for Units 5 and 16, 
respectively. 

The Groundwater Sampling and Analysis Plan (SAP) is an essential part of the 
Compliance Monitoring Program in that it stipulates the field sampling, laboratory 
analysis and annual reporting methods to be utilized throughout the post-closure period. 
The SAP addresses the Compliance Monitoring Program requirements prescribed in the 
40 CFR 264.99 and as described in the Post-closure Care Permit. 

I I . PRE-FIELD OFFICE ACTIVITIES 

I I A. Summary of Tasks to Be Performed 
Quality control is of foremost concern in conducting groundwater monitoring. The first 
step toward proper quality control is thorough preparation and pre-planning. This is 
undertaken prior to initiating field sampling and involves review of plans and scheduling 
to ensure the program is successfully implemented. The following discusses planning 
activities to be conducted prior to initiating field sampling. 

II.B. Office Activities 
The following provides a description of the discrete tasks associated with the office 
activities. These tasks identify the responsibilities of the individual or laboratory and 
outline procedures to ensure successful completion of each task. 

//. B. 1 Notification of the Analytical Laboratory(ies) 
Prior to each event the analytical laboratory(ies) is informed in writing of the 
sampling schedule. The laboratory will be informed in ample time of any 
deviations in the tentative schedule. This task is handled by the Project Manager. 

// B 2. Review the SAP and the Health and Safety Plan • 
Each field team member is required to review the SAP and Health and Safety Plan 
prior to initiating the sampling event. This initial step will ensure that the 
objectives of the groundwater monitoring program are attained in a safe and 
timely manner. 
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II. B. 3 Quality Assurance/Quality Control 
Field Quality Assurance/Quality Control (QA/QC) samples are an integral part of 
a groundwater sampling event. The site-specific Quality Assurance Project 
Plan (QAPP) (Appendix 6) of this SAP provides a detailed description of the 
QA/QC program. 

IIB. 4. Sample Shipment Containers 
Parameters listed in Appendix I to Permit Attachment 1 (Appendix IX to 40 
CFR 264), and Appendix E to Permit Attachment 2 and 3 for Units 5 and 16, 
respectively, (as appropriate) will be used by the off-site laboratory to develop a 
bottle list and prepare bottles utilizing the appropriate bottle preparation 
techniques. Specific bottle preparation procedures are discussed further in 
Section VI I I . Bottle and preservative requirements, are listed in this SAP 
Appendix 4. 

// B 5. Field Sampling Equipment Requirements 
The appropriate quantity and type of sampling equipment will be determined from 
the SAP. The equipment will be prepared and checked. Equipment cleaning 
and/or decontamination will be performed following the procedures outlined in 
Section IV. 

The calibration of meters will be performed prior to use in the field. Once in the 
field, the meters will be checked and calibrated as required. Section IV. contains 
specific information regarding the calibration procedures. 

I I I . DOCUMENTATION REQUIREMENTS 

III.A. Previous Field Data Sheets 
The previous field data sheet should be reviewed and accompany the field team members 
during the sampling activities. The previous field data sheet is a quick reference 
document which will identify previous well and site conditions. 

III.B. Field Log Book 
A site-specific field log book will be utilized while in the field to document all activities. 
The field log book should, at a minimum, include the following: ' 

a. Plant location and identifying number; 

b. Names of field personnel present at the site; 

c. Weather information (general); 
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d. Wells of consideration; 

e. Time of sampling and date; 

f. Diameter of wells; 

g. Total depth of wells; 

h. Distance to water in each well; 

i . Amount of water in each well; 

j . Detection/Amount of any product in each well; 

k. Total volume of groundwater to be purged - purge amount will be based on 
removing 3 to 5 well borehole volumes until the pH, specific conductance and 
temperature are stabilized; 

1. Groundwater quality measurements (field); 
• pH 
• Specific conductance 
• Temperature 
• Dissolved oxygen (DO) 
» Oxydation/reduction potential (ORP/Eh) 

m. Observations for each well; 
• Special procedures to purge/sample 
•> Visual observations of the purge/sample water 

• Observations of well integrity (i.e., conditions of casing, lid, pad, or lock) 

n. Collection of field Quality Assurance samples, (trip and equipment blanks); and 

o. Regulatory agency personnel observing sampling, as appropriate. 
III.C. Chain of Custody Forms 

Have an appropriate number available for use in the field to accompany all samples 
collected (this SAP Appendix 3.). 

III.D. Field Data Sheets 
Have an appropriate number available in the field to accompany all samples collected 
(this SAP Appendix 1). 

III.E. Notification of Designated Plant Personnel 
Prior to the sampling event, the Plant Manager (or appropriate person) will be notified of 
the proposed sampling date. This should preclude any scheduling problems in regards to 
sampling and plant operations. 
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IV. ON-SITE ACTIVITIES 
The methods and procedures to be implemented in the field to gather true and 
representative samples and test data are presented in the following sections. Field 
procedures are presented in their general order of implementation. Equipment 
requirements are presented in each section, and quality assurance and record keeping 
requirements are presented in the latter sections. Strict attention to these procedures is 
required. Field Quality Assurance/Quality Control procedures are described in this SAP 
Appendix 6. 

Procedures for conducting groundwater sampling shall be conducted as described in this 
section. In summary, the following tasks are discussed: 

• Meter calibration; 
• Water level measurement procedures; 
• Well purging procedures; 
• Groundwater sampling procedures; 
• Filtering procedures; 
• Decontamination procedures; 
• Documentation; and 
• Safety precautions. 

IV.A. Calibration of Meters 
The calibration of the pH, temperature, and conductivity meter will be completed at the 
beginning of each day of sampling and at the end of each day of sampling according to 
manufacturers' specifications and consistent with Test Methods for Evaluating Solid 
Waste, Physical/Chemical Methods (SW-846), 3rd Edition, 1986 (as updated). 

IV.B. Measurement of Static Water Level Elevations 
Preceding the purging of each well, both the static water level (S.W.L.) and the depth to 
the bottom of the well shall be measured to +/- 0.01 foot (groundwater elevation mean 
sea level), referenced to a pre-established, surveyed measurement point clearly marked 
on the interior wall of the casing. Upgradient wells and wells where constituents have 
not historically been noted will be measured first, followed by wells where constituents 
have been noted. Measurements will be taken using an electronic water level tape or 
interface probe. All measurements for each well will be recorded in the Groundwater 
Log. Measurements which do not correlate with the previous trends will be verified in 
the field with different measurement technology, i f necessary. 

IV.C. Equipment 
The static water level measuring device will be constructed of inert materials and will be 
thoroughly decontaminated in accordance with Section VI I I . All sampling members will 
wear clean gloves during sampling and shall change gloves between sampling each well 
at a minimum. Either an interface probe that is capable of detecting non-aqueous phase 
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liquids (NAPL) as well as water levels or an electric tape will be used to collect water 
level data. Each is discussed separately below. 

IV. C. 1. Interface Probe. 
Oil/water interface probes are commonly used to detect the presence of floating or 
sinking NAPL layers. However, the probe can also be used to detect the water 
level. Procedures for using an interface probe are: 
a. The probe should be lowered slowly inside each well. When water is 

detected, an intermittent tone will sound signifying water has been 
encountered. When the intermittent tone is heard, the water level 
measurement is read directly from the calibrated tape. 

b. When a floating layer is encountered, a steady tone is heard. Continue 
lowering the probe (observe and record the calibrated tape) until the steady 
tone stops. The measurement on the tape between when the steady tone 
began and when it stopped will determine the thickness of the NAPL layer. 
This procedure can also be used to determine the presence (and thickness) of 
floating or sinking NAPL layers. 

c. All measurements will be recorded to the nearest one hundredth of a foot 

d. Decontamination of the probe will be by performing a distilled water rinse 
and wiping the probe with a clean cloth, followed by a methanol then 
distilled water rinse. 

IV C. 2 Electric Probe Method 
The electric probe method for measuring water levels is as follows: 

a. Slowly lower the probe into the well casing. When the probe contacts water 
a steady tone will be emitted. Observe and record this reading from the 
calibrated tone. 

b. All measurements will be recorded to the nearest one hundredth of a foot 

(0.01). 

(0.01). 

c. The probe will be decontaminated by performing a distilled water rinse and 
wiping the probe with a clean cloth, followed by a methanol rinse then 
distilled water. 
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V. CALCULATION OF STATIC WATER/PURGE VOLUME: 
The static water level and total depth will be used to calculate the volume of stagnant 
water in the well and provide a check on the integrity of the well (e.g., identify siltation 
problems), as well as characterize changes in hydraulic conditions that occur over time. 

V.A. Purge Volume 
The volume of stagnant water to be purged shall be calculated according to the formulae 
presented in Appendix 2 of this SAP. Purge volume calculations will be recorded in the 
Groundwater Log and included in the monitoring report. At least three borehole volumes 
(assuming 30% porosity in the filterpack) will be purged from the monitoring well prior 
to sampling. 

V.A 1 If the wells prove to be low yield, wells will be evacuated to dryness once and 
will be purged at a rate which will not cause recharge water to be excessively 
agitated. Dry and low recharge rates will be noted in the field observations. 

V.A. 2. If a well is either purged dry, or, to a dense NAPL layer, sufficient time must be 
allowed for recovery prior to sample collection. 

V.A 3 All purge water and decontamination fluids will be containerized and disposed of 
in an on-site wastewater treatment system if available or a publicly owned 
treatment facility with approval. 

V.B. Micro (or Low Flow)-purging 
If micropurging or low-flow purging techniques or low-flow are utilized, EPA Region III 
guidance shall be followed. This guidance is included as this SAP Appendix 8. 

This section specifies the low-flow purging equipment, the low-flow purging procedures, 
and the purging observations that be followed prior to the actual collection of any ground 
water samples. 

V.B. I Introduction and Overview 
Low-flow refers to the velocity with which water enters the pump intake and that 
is imparted to the formation pore water. Water level drawdown provides the best 
indication of the stress imparted by a given flow-rate for a given hydrological 
situation. The objective is to pump in a manner that minimizes stress (drawdown) 
to the system to the extent practical taking into account established site sampling 
objectives. The stagnant water within the casing is not representative of the in-
situ groundwater quality and should be removed so that formation water can be 
sampled. 
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V B 2 Purging Equipment 
A dedicated bladder pump has been installed in each monitoring well. Flow rates 
on the order of 0.1 - 0.5 1/min will be used; however, this is dependent on site 
specific hydrogeology. Water quality indicator parameters are used to determine 
purging needs. After the field parameters (pH, specific conductance, dissolved 
oxygen, oxidation-reduction potential, and temperature) have stabilized purging is 
considered complete. In-line flow cells will be used to continuously measure the 
above parameters. All equipment used during low-flow purging operations, shall 
be properly decontaminated using the procedures specified above. 

V. B. 3 Low-flow Purging Procedures 

a. The bladder pump intake will be lowered to the top of, or just below, the 
top of the screen (refer to completion diagrams). During pump start-up, 
drawdown may exceed the 0.3 feet target and then recover; therefore, the 
stabilized drawdown value will be recorded, not the initial drawdown. 
The water level will not be allowed to fall to the intake level (if the static 
water level is above the well screen, the water level will not lowered to the 
screen). 

b. To remove the stagnant formation water, the dedicated, bladder pump will 
be started at the lowest speed setting and slowly increased until discharge 
occurs. The water level will then be checked. The pump speed will be 
adjusted until there is little or no water level drawdown (less than 0.3 
feet). If the minimal drawdown that can be achieved exceed 0.3 feet but 
remains stable, continue purging until indicator field parameters stabilize. 

Water level and pumping rates will be monitored and recorded every three 
minutes during purging. Any pumping rate adjustments (both time and 
flow rate) will be recorded in the field logbook. Pumping rates will, as 
needed, be reduced to the minimum capabilities of the bladder pump (for 
example, 0.1 ± 0.4 1/min) to ensure stabilization of indicator parameters. 
Adjustments will be made in the first fifteen minutes of pumping in order 
to help minimize purging time. 

c. The final purge volume will be greater than the stabilized drawdown 
volume plus the extracted tubing volume. This volume will be calculated 
by the following equation: 

Vtotal = V t u b , n g + Vdrawdown 

Vtubing ~ (htubingXftTtubing2) 
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d. Wells with low recharge rates may require the use of special pumps 
capable of attaining very low pumping rates. If the recharge rate of the 
well is lower then extraction rate capabilities of currently manufactured 
pumps and the well is essentially dewatered during purging, then the well 
will be sampled as soon as the water level has recovered sufficiently to 
collect the appropriate volume needed for all anticipated samples (the 
intake will not be moved during this recovery period). Samples may then 
be collected even though the indicator field parameters have not stabilized. 

VB.4 Monitoring Indicator Field Parameters 
During well purging, indicator field parameters (temperature, specific 
conductance, pH, Eh, DO) will be monitored every three minutes (or less 
frequently, i f appropriate). Purging will be considered complete and sampling 
may begin when all above indicator field parameters have stabilized. 
Stabilization is considered to be achieved when three consecutive readings, taken 
at three-minute intervals, are within the following limits: 

CONSTITUENT VARIABILITY 

DO 10% 

Specific 
conductance 

3% 

Temperature 3% 

PH ±0.1 unit 

O-RP/Eh ± 10 millivolts 

All measurements will be obtained using a transparent flow-through-cell, because 
they allow field personnel to watch for particulate build-up within the cell. This 
build-up may affect indicator field parameter values measured within the cell. I f 
the cell needs to be cleaned during purging operations, the cell will be 
disconnected while the pump remains running. The cell will be cleaned and 
reconnected and monitoring activities will continue. 

The flow-through-cell will be designed in a way that prevents air bubble 
entrapment in the cell. When the pump is turned off or cycling on/off, water in 
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the cell must not drain out. Monitoring probes will remain submerged in water at 
all times. If two flow-through-cells are used in series, the one containing the 
dissolved oxygen probe will come first (this parameter is most susceptible to error 
i f air leaks into the system). 

V.B.5 Purging Observations 
Water level, extraction rate, and drawdown information will be recorded in a field 
logbook. The extraction rate (final pump dial setting) will be duplicated in future 
sampling efforts. 

Collect the purge water in a clean 5 gallon bucket in order to estimate the rate of 
flow and to check temperature and specific conductance. Examine purge water 
for the presence of immiscible layer. 

VI . WELL EVACUATION 
All monitoring wells will be purged prior to sample collection to assure collection of 
representative groundwater samples. Wells will be purged until, at a minimum, three 
borehole volumes of water are removed from each well and until pH, conductivity and 
temperature of the purged water has stabilized prior to sampling. If pH, conductivity and 
temperature are not stabilized after removing three borehole volumes, a maximum of five 
borehole volumes will be removed. 

VI A. NAPL Layers 
If NAPL layers are detected in the well, a peristaltic pump is the preferred method for 
well purging. This technique should reduce mixing of the NAPL within the water 
column. If a peristaltic pump is not feasible for well purging, then hand bailing will be 
utilized. 

VLB. pH and Specific Conductance 
Prior to and after sampling, two measurements of pH, specific conductance and 
temperature will be determined for each well. 

VI.C. Equipment 
Well purging is completed either by bailing or pumping techniques. Pumps are typically 
used for purging and removing NAPL layers. The following summarizes the procedures 
of some pumps commonly used for groundwater purging and sampling. Pumps that can 
be employed include, but are not limited to, peristaltic pumps, centrifugal pumps, 
submersible pumps, and air bladder pumps. 

VIC.I Bailing: 
The following outlines well purging techniques using hand bailers. 



# 

# 

# 
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a. Place plastic sheeting (or garbage bags) around the well casing to create a 
clean surface for the placement of the sampling cord and equipment. 

b. Use a clean stainless steel bailer on each well to be purged. Bailers are 
decontaminated using procedures outlined in Section VII I . 

c. New surgical or nitrile gloves will be used for each well. 

d. Remove the aluminum foil to expose the bailer's "eye." Thread new nylon 
cord through the bailer's "eye" and tie securely to prevent loosening. 
Remove the remainder of the protective foil from around the bailer and 
slowly lower the bailer to the well bottom if NAPL is not present. I f 
LNAPL is present, remove the NAPL (if possible) using procedures outlined 
m Section VI I I . before lowering the bailer in the well. If only a sinking 
NAPL layer is present, lower the bailer to a level that does not cause mixing 
of NAPL. Once the depth of the bailer has been determined, remove an 
additional length of cord and tie it securely to the well head to serve as a 
safety line for the bailer. 

e. Begin purging by raising the bailer cord and collecting the cord on the 
plastic sheeting. 

f. Purged water will be handled following the procedures outlined in Section 
V.A.3. 

VI. C. 2. Peristaltic Pump 

Peristaltic pumps are operated above ground next to the well. Peristaltic pumps 
are generally used in wells where the water levels are less than 20 to 25 feet 
below grade. The following outlines the procedures for using a peristaltic pump: 

a. A new nalgene suction line is used on each well being purged. New medical 
grade silicon pump head tubing will also be used i f the pump is utilized for 
sampling. 

b. If a peristaltic pump is used to collect a sample (e.g., the well casing is bent 
preventing the passage of a bailer), the choice of tubing used to collect the 
sample will be contingent on the parameters of interest. For example: 

c If conventional or metal parameters are being analyzed, standard nalgene 
tubing is sufficient for sample collection; or 

d. If volatile or semi-volatile parameters are the constituents of interest, Teflon 
tubing is used for sample collection. 
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e. The suction line should be lowered to a depth in the water column that 
assures continual pumping, should drawdown of the water column occur. 
Additionally, the location of the suction line should be placed to avoid 
disturbing any NAPL layer. If a "floating" NAPL layer is encountered, this 
layer should be either removed with a pump or a bailer during purging. If a 
"sinking" NAPL layer is encountered, the layer shall be removed in 
accordance with Condition V.B of this SAP. The suction line should be 
placed above the layer to avoid this layer regardless of well water drawdown 
if possible. 

f. Monitor the pumping to ensure proper pump operation and assure 
continuous discharge. If drawdown occurs, lower the tubing deeper into the 
water column. 

g. When the required amount of water is purged from each well, allow for 
sufficient recovery before sampling. 

h. See Section V.A.3. for disposition of purge water. 

i . The suction line can be dedicated to the well for reuse in subsequent 
sampling events. 

VI.C 3 Bladder Pumps: 

The bladder pump is a gas operated positive displacement submersible well pump 
that uses inert compressed gas, (e.g., nitrogen) to inflate an internal bladder which 
pumps water up the discharge line. These pumps are used when large volumes of 
water must be purged from monitoring wells. Usually these pumps are used on 
wells with diameters greater than two inches and depths up to 150 feet. The line 
assembly is dedicated for use on one well only. After use, the tubing is wrapped 
marked, and stored for future use in the well to which it is dedicated. The 
following describes the operation and use of the bladder pump: 

a. Connect the line assembly to the pump by first attaching the cable and then 
connecting the sample and gas lines. 

b. Lower the pump down the well by unrolling the line off the spool, until the 
pump touches bottom (if sinking NAPL is not present). Raise the pump to 
the desired position inside the well, allowing sufficient room for drawdown 
of the water column. If NAPL layers are present, the same procedures 
discussed previously for NAPL removal should be followed for the air 
bladder pump. 
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c. Secure the cable to hold the pump at the desired depth, 

d. Connect the gas line to the control box. The discharge line should be placed 
m a container (e.g., 55-gallon drum) to collect the purged water. 

e. Connect the gas supply to the control box and adjust the pressure according 
to the manufacturer's manual. 

f. Turn on the control box and adjust inflate delay to obtain the best pumping 
cycle. ° 

g. The pumping rate should be calculated to determine the length of time the 
pump should run to purge the well based on purging criteria. 

h. When a sufficient amount of water has been purged, the well should be 
sampled using a laboratory cleaned stainless steel bailer. 

i. Tubing is used on one well only and after each sampling it is disposed of 
properly. 

j . Purge water will be handled following one of the approved procedures 
outlined in Section V.A.3. 

VIC 4 Submersible Pumps-

Submersible pumps are used when depths to groundwater exceed 20 feet and 
large volumes of water are purged. Submersible pumps can either be portable or 
fixed depending on use. When possible, the submersible pump apparatus is 
removed to allow for sampling with a laboratory cleaned stainless steel bailer If 
this is not feasible, the submersible pump will remain intact and will be used to 
collect the sample. When economically feasible, submersible pumps will be 
dedicated to each well. However, in some cases this is not economically feasible 
and the same pump must be used in several wells. Submersible pumps will be 
decontaminated between wells when reused. The following describes use of the 
submersible pump: 

a. The submersible pump should be lowered to a depth in each well between 
the middle to bottom screened portion of each monitoring well. The 
safety line should be secured to the well casing. 

b. Connect the power cord to the power source (generator) and turn on the 
pump. 
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c. Monitor the pumping rate and lower the pump if drawdown of the water 
column occurs. The pumping rate will provide a means to assess when 
three borehole volumes are removed. Water will be pumped into 55-
gallon drums/containers. Pumping will continue until purge criteria are 
met. 

d. I f the well is pumped dry, allow sufficient time for the well to recover 
before sampling. 

e. Purge water will be handled following one of the procedures outlined in 
Section V.A.3. 

VIC. 5 Purger Pump 

The purger pump is used for purging wells up to 60 feet deep. The purger pumps 
(models ES40 and ES60) have an output of up to 3 gpm, are 1.5 inches in 
diameter and are less than 13 inches in length. The ES60 model will pump up to 
60 feet of head using a 1/2 inch ID hose. The length of lead line supplied with the 
pump is 60 feet. On one end of the lead line is the battery clips and the other end 
is the pump. Directions for using the purger pump are as follows: 

a. Connect the required length of tubing to the pump and completely submerge 
the pumping water. 

b. There is no control box or on/off switch. The pump will begin pumping 
when the connection is made to the 12 volt battery. 

c To prevent air cavitation in the pump, start the pump and allow to run for 
four seconds then turn the pump off for four seconds. Repeat turning the 
pump on and off for two more rounds and the air should be removed from 
the pump. 

d. The pumps have an outlet for a 3/8 inch hose but can be adapted for a 1/2 
inch hose by using a 1/2 inch nipple adaptor. 

e. After each use of the pump, draw clean water through the pump. 

VI I . MONITORING WELL SAMPLING 
Groundwater samples shall be collected at wells specified in Permit Module V. at the 
specified frequency. Annually, samples for all constituents in Appendix I to Permit 
Attachment 1 (Appendix IX to 40 CFR 264) will be collected at specified 
downgradient point of compliance wells. 
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VILA. Compliance Monitoring. 
The wells specified in the Compliance Monitoring Program shall be sampled at the 
specified frequency for all constituents listed in Appendix E to Permit Attachments 2 
and 3 ( Groundwater Compliance Monitoring List") for Units 5 and 16, respectively,. 
Samples shall be collected from each well and analysis shall be obtained using the 
analytical method specified in the Attachment. 

VII.B. Annual Appendix IX to 40 CFR Part 264 Sampling 
The list of the parameters, constituents, test methods, and detection limits required for the 
Appendix IX to 40 CFR Part 264 analyses is located in Appendix I to Permit 
Attachments 1. The Permittee may resample for any newly detected Appendix IX to 40 
CFR Part 264 constituent within 30 days to confirm or refute the detection. All newly 
confirmed Appendix IX to 40 CFR Part 264 constituents must be added to the 
Compliance list. 

VII.C. Sampling Procedures 
VII.C.I. Low Yield 

Where wells prove to be of low yield, sampling will be performed as soon as 
recovery volume is sufficient to sample for each parameter/constituent. 

f7 /CZ fWoff/e/GoM* 
When collecting samples where volatile constituents or gases are of interest using 
a positive gas displacement bladder pump, pumping rates will not exceed 100 
milliliters/minute. 

VIIC 3. Large Volume 
Once the portions of the sample reserved for the analysis of volatile components 
have been collected, the Permittee may use a higher rate, particularly if a large 
sample volume must be collected. 

VIIC 4 Filtration 
Groundwater samples for dissolved metals analysis will be prepared by field 
filtration using a 0.45 micron filter. 

VII C.5 Sample Collection 
All samples will be transferred directly into the container that has been 
specifically prepared for the preservation and storage of compatible parameters. 
The type of sample containers and sample handling and preservation procedures 
for the parameters of interest are listed in Appendix 4 of this SAP. 

a. Containers utilized for sampling will be new pre-cleaned containers or used 
containers that have been cleaned. Used containers will be cleaned based on 
the analyte of interest. 



b. Used containers intended for metals analyses must be thoroughly washed 
with a non-phosphate detergent and tap water, and rinsed with either a (0.1 
N) nitric acid or hydrochloric acid, followed by a rinse of tap water and 
finally a deionized water rinse. 

c. Used containers intended for organic analysis will be thoroughly cleaned in 
accordance with laboratory specifications. 

VII. C 6. Sample collection sequence 
Temperature, pH, and specific conductance will be taken at the start and ending of 
sampling as a check on the stability of the water samples over time. Four (4) 
replicate measurements of pH and specific conductivity will be recorded in the 
Groundwater Log shown in Appendix 1. of this SAP for four (4) representative 
water samples. 

Samples will be collected and containerized for each parameter and constituent in 
the order of volatilization sensitivity of the parameters as follows: 

• Initial pH, Temperature, and Conductivity 
• Volatile Organics 
• Total Organic Halogens 
• Total Organic Carbon 
• Extractable Organics (Semi-Volatile Organics) 
• Pesticides/Herbicides 
• PCBs 
• Total Metals 
• Dissolved Metals 
• Total Phenols 
• Cyanide 
• Sulfate, Fluoride, and Chloride 
• Nitrate, 

• Final pH, Temperature, and Conductivity 

VII.D. Equipment: 
Monitoring wells will be sampled using Teflon bladder pumps with dedicated Teflon-
coated tubing, bailers, or other appropriate equipment. If dedicated equipment is used, 
then no decontamination will be required; however, non-dedicated equipment will be ' 
disassembled and thoroughly decontaminated using the procedures in Section VI I I 

VII. D. 1. Bailing and Sample Collection 

The following outlines well purging and sampling techniques using hand bailers. 
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a. Place plastic sheeting (or garbage bags) around the well casing to create a 
clean surface for the placement of the sampling cord and equipment. 

b. Use a clean stainless steel bailer on each well to be sampled. Bailers are 
decontaminated using procedures outlined in Section VIII. 

c. New surgical or nitrile gloves will be used for each well. 

d. A separate, cleaned stainless steel bailer is used to collect samples from each 
monitoring well. Samples are collected after the well recharges and 
collected according to the volatilization order. 

e. VOC samples will be collected with a bottom-filling stainless-steel bailer to 
prevent VOC degassification. 

f. Samples are collected and preserved in accordance with the analytical 
method. 

g. Preserved samples are placed in a container and cooled to a temperature of 4 
+ 2°C. 

h. Before the shipping container is sealed, a chain-of-custody form is 
completed for each cooler containing samples. 

i . Each cooler is sealed and shipped overnight or hand delivered to the 
analytical laboratory. 

VII. D. 2. Peristaltic Pump 
Peristaltic pumps are operated above ground next to the well. Peristaltic pumps 
are generally used in wells where the water levels are less than 20 to 25 feet 
below grade and volatilization of samples is not an issue. The following outlines 
the procedures for using a peristaltic pump: 

a. A new medical grade silicon pump head tubing will be used for sampling. 
Teflon tubing shall be used for sampling. 

b. The suction line should be lowered to a depth in the water column that 
assures continual pumping, should drawdown of the water column occur. 
Additionally, the location of the suction line should be placed to avoid 
disturbing any NAPL layer. If a "floating" NAPL layer is encountered, this 
layer should be either removed with a pump or a bailer during purging. If a 
"sinking" NAPL layer is encountered, the suction line should be placed 
above the layer to avoid this layer regardless of well water drawdown. 
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c. Monitor the pumping to ensure proper pump operation and assure 
continuous discharge. If drawdown occurs, lower the tubing deeper into the 
water column. 

d. The suction line can be dedicated to the well for reuse in subsequent 
sampling events. 

VIID 3 Bladder Pumps-
The bladder pump is a gas operated positive displacement submersible well pump 
that uses inert compressed gas, (e.g., nitrogen) to inflate an internal bladder which 
pumps water up the discharge line. 

These pumps are used when large volumes of water must be purged from 
monitoring wells. Usually these pumps are used on wells with diameters greater 
than two inches and depths up to 150 feet. The line assembly is dedicated for use 
on one well only. After use, the tubing is wrapped, marked, and stored for future 
use in the well to which it is dedicated. The following describes the operation and 
use of the bladder pump: 

a. Connect the line assembly to the pump by first attaching the cable and then 
connecting the sample and gas lines. 

b. Lower the pump down the well by unrolling the line off the spool, until the 
pump touches bottom (if sinking NAPL is not present). Raise the pump to 
the desired position inside the well, allowing sufficient room for drawdown 
of the water column. If NAPL layers are present, the same procedures 
discussed previously for NAPL removal should be followed for the air 
bladder pump. 

c. Secure the cable to hold the pump at the desired depth. 

d. Connect the gas line to the control box. The discharge line should be placed 
in a container (e.g., 55-gallon drum) to collect the purged water. 

e. Connect the gas supply to the control box and adjust the pressure according 
to the manufacturer's manual. 

f. Turn on the control box and adjust the inflate delay to obtain the best 
pumping cycle. 

g. When a sufficient amount of water has been purged, the well should be 
sampled using a laboratory cleaned stainless steel bailer. 
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h. Tubing is used on one well only and after each sampling it is disposed of 
properly. 

VIID. 4. Submersible Pumps. 
Submersible pumps are used when depths to groundwater exceed 20 feet and 
large volumes of water are purged. Submersible pumps can either be portable or 
fixed depending on use. When possible, the submersible pump apparatus is 
removed to allow for sampling with a laboratory cleaned stainless steel bailer. If 
this is not feasible, the submersible pump will remain intact and will be used to 
collect the sample. 

When economically feasible, submersible pumps will be dedicated to each well. 
However, in some cases this is not economically feasible and the same pump must 
be used in several wells. Submersible pumps will be decontaminated between 
wells when reused. 
The following describes use of the submersible pump: 

a. The submersible pump should be lowered to a depth in each well between 
the middle to bottom screened portion of each monitoring well. The safety 

t line should be secured to the well casing. 

b. Connect the power cord to the power source (generator) and turn on the 
pump. 

c. Monitor the pumping rate and lower the pump if drawdown of the water 
column occurs. 

d. If the well is pumped dry, allow sufficient time for the well to recover 
before sampling. 

VI I I . DECONTAMINATION PROCEDURES 

VIII.A. Lab Cleaning 

The following describes the laboratory cleaning procedures. NOTE: A methanol or 
ethanol rinse may be required initially if NAPL is noted on sampling equipment and all 
gross material should be removed from all equipment while at the job site. 

a. Remove gross material from the sampling equipment by brushing and rinsing with 
tap water; 

# 
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b. Wash with non-phosphate detergent and water; 

c. Usingabrush, wash equipmentthoroughlywith laboratory detergent and hot water 
to remove any particulate matter or surface film. 

d. Rinse equipmentthoroughlywith hot tap water. 

e. Riaceequipmentinatenpercentnitricbathrinsefollowed by distilled waterrinse. 

f. Rinse equipment thoroughly with deionized water. 

g. Rinse equipmenttwice withethanolormethanol. 

h. Rinse equipment twice with deionized waterandair dry in an ovenfortwo to three 
hoursat40^C. 

i . ^ a p equipment in one layer of aluminumfoil.Roll edges offoilintoa"tab" to 
allow tor easy removal. 

j . Ri^e the stainless steel ormetal sampling equipment thoroughlywith tap waterin 
the field as soon as possible alter use. 

Field Cleaning 
Thefollowing describes the field cleaning procedures: 

a. remove gross materialfrom the sampling equipment by brushing andrinsingwith 
tap water; 

b. Wash with non-phosphate detergent and water; 

c. Usingabrush, wash equipmentthoroughlywithlaboratory detergent andhot water 
to remove any particulate matter orsurface film. 

d. Rinse equipmentthoroughly with hot tap water. 

e. Rinse with distilled water; 

f. ^insewithalO% nitric acid solution ifmetalsareaconstituent; 

g. Rinsewithethanolormethanol and distilled water; and 

h. Allowto air dry or drywith chemical-free papertowels. 
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IX. QA/QC Program 

IX.A. Field QA/QC 
Field Quality Assurance/Quality Control requires the routine collection and analysis of 
trip blanks to verify that the sample collection and handling process has not affected the 
quality of the samples. A complete description of required activities is contained in 
Appendix 6. 

IX A I Trip Blank-
One set of trip blanks for all volatile organics will be prepared prior to leaving the 
laboratory to ensure that the sample containers or handling process has not 
affected the quality of the samples. Blank containers, preservatives, handling and 
transport will be identical to those used for water samples. 

IX.A 2. Equipment Blank. 
The equipment blank is collected by passing laboratory-demonstrated analyte-free 
water through or over clean sample equipment, and then placing the water in an 
empty sample container for analysis. The equipment should have been 
decontaminated prior to sampling using the procedures described in Section VII I . 
The transfer should occur in the field location with the highest potential for 
contamination. One set of equipment blanks for all required analyses will be 
collected and containers, preservatives, handling and transport will be identical to 
those used for water samples. 

IX.A. 3 Duplicate samples 
Duplicate samples shall be collected at an average frequency often percent to 
assess the sample collection and handling procedures. During the course of 
analysis, quality control data and sample data shall be reviewed to identify 
questionable data. 

LXA 4. Sample Transport and Handling 
Sample transport and handling will be strictly controlled to prevent sample 
contamination. Chain-of-Custody control for all samples shall be conducted as 
described in this SAP Appendix 3. 

IX.A 5 Field Logbook. 
The field technician will keep an up-to-date field logbook documenting 
information pertaining to the technician's field activities. Appendix 1 of this SAP 
provides an example of a Groundwater Log that must be completed for each 
sampled well. 
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IX.B. LABORATORY QA/QC CONTROL OBJECTIVES 
The laboratory QA/QC objectives include, but are not limited to: precision, accuracy, 
sample custody, method detection limits, instrument calibration, analytical procedures, 
and laboratory audits. These QA/QC objectives are documented in the Quality 
Assurance Project Plan (Appendix 6 of this SAP) or the Example Laboratory Quality 
Assurance Manual, provided as Appendix 7 of this SAP. QA/QC procedures will be 
used at all times. The laboratory shall assure the accuracy and precision of all analytical 
determinations. 

IXB.l. Laboratory Analysis 
The parameters and constituents to be analyzed include organic and inorganic 
constituents which have been used at the facility or have been detected in the 
facility's waste and/or groundwater (Appendix E to Permit Attachments 2 and 
3 for Units 5 and 16, respectively, "Groundwater Compliance Monitoring 
List"). Appendix E to Permit Attachments 2 and 3 for Units 5 and 16, 
respectively,, lists analytical methods and detection limits that must be used in 
analysis. 

Samples for all the constituents on Appendix IX to 40 CFR Part 264 shall be 
collected at least annually. Appendix I to Permit Attachments 1. lists the 
parameters, constituents, test methods, and detection limits required for the 
Appendix IX analyses. All newly confirmed Appendix IX to 40 CFR Part 264 
constituents must be added to the Groundwater Compliance Monitoring list 
(Appendix E to Permit Attachments 2 and 3 for Units 5 and 16, respectively,) 
and be analyzed at least quarterly. 

IX.B.2. Internal quality control 
Internal quality control checks shall be undertaken regularly to assess the 
precision and accuracy of analytical procedures. Internal quality control checks 
shall include use of calibration standards, standard references, duplicates and 
spiked/fortified samples. 

IX B3 Calibration 

Calibration standards shall be verified against standard reference from an outside 
source. Calibration curves shall be comprised of a minimum of one blank and 
three standards. Samples shall be diluted i f necessary to ensure analytical 
measurements fall on the linear portion of the calibration curve. 

IX.B 4. Duplicate samples. 

Duplicate samples shall be processed at an average frequency often percent to 
assess the precision of testing methods, and standard references shall be processed 
monthly to assess accuracy of analytical procedures. Spiked/fortified samples 
shall be carried through all stages of sample preparation and measurement to 
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validate the analytical accuracy. During the course of analysis, quality control 
data and sample data shall be reviewed to identify questionable data. 

IXB 5 Sequential Dilutions. 
In the event that sequential dilutions are required to ensure that the target analyte 
concentration is within the linear range of the instrument, results of all runs will 
be reported. Elevated detection limits due to dilution shall be avoided. The results 
from each run shall be reported. 

X. RECORD KEEPING AND REPORTING 
X.A. Documentation 

Certain documents should be completed before, during, and after each sampling event. 
These documents include site data sheets, chain-of-custody sheets, field data sheets, and 
project notes sheets. 

XA 1 Chain-of-Custody Sheets 
When the field team sends samples to the appropriate analytical laboratories, each 
sample shuttle containing samples must be accompanied by a chain-of-custody 
form. The Permittee shall ensure that Chain of Custody requirements in 
Appendix 6 are adhered to by samplers. 

XA.2 Field Data Sheets 
The field data sheets in Appendix 1 serve as an example field logbook for 
information pertaining to each specific project. The basic project information 
such as the name of the project, the date of sampling, and the names of the 
technicians collecting the samples is contained on these forms. These forms are 
specifically designed for the collection of samples from groundwater monitoring 
wells. Information pertaining to the wells being sampled is recorded on these 
forms. Observations are made on the integrity of the wells being sampled and the 
physical characteristics of the water in the wells. The original copy of the field 
sheets is stored in the field team's project files and a copy shall be included in the 
monitoring report. 

XA3 Site Data Sheet 
The site data sheet (Appendix l.of this SAP) contains information specific to the 
sampling program. The following information is provided on the site data sheet: 
site name, location, sampling frequency, wells to be sampled, site constituents, 
and pertinent site notes. The Project Manager is responsible for revising and 
submitting the site data sheets to the field team members and the analytical 
laboratory. 
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X.B. Reporting Requirements 
XB 1 Groundwater Monitoring Results 

The Permittee shall report concentrations or values of the parameters and 
constituents listed in Appendix E to Permit Attachments 2 and 3 
("Groundwater Compliance Monitoring List") for Units 5 and 16, respectively, 
and Appendix I to Permit Attachment 1 ("Annual Appendix IX to 40 CFR 
Part 264 Sampling") for each required groundwater monitoring well as required 
by Permit Module V. 

XB 2. Annual Report-
The Permittee shall submit an Annual Groundwater Monitoring Report by March 
1st of the following year for the year beginning January 1st and ending December 
31st as specified by Permit Module V. 



APPENDIX H.l. 

GROUNDWATER LOG EXAMPLE 
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Appendix H. 1 
GROUNDWATER LOG EXAMPLE 

SAMPLING EVENT 

LOCATION 

WELL NO. Date 

WEATHER 

TEMPERATURE 

MEASUREMENT TEAM 

TIME WELL CASING UNLOCKED 

DEPTH TO WATER FROM TOP OF (INNER/OUTER) CASING 

DEPT OF WELL FROM TOP (INNER/OUTER) CASING 

STATIC WASTER LEVEL 

MEASUREMENT TECHNIQUE: [ JWATER LEVEL INDICATOR 

[ ]OTHER/EXPLAIN 

FORMULAS FOR DETERMINING PURGE VOLUME 

Water Level above Sand Pack: 

3 x [(7rrb

2hs - rcrc

2hs) x 0.3 + (7irc

2hw)] 

Water Level below Sand Pack: 

3 x [7rrb

2hw - 7irc

2hw) x 0.3 + (7trc

2hw)] 

where: 

rb = radius of boring = 

rc = radius of casing = 

h s = height of sand = 

h w = height of water = 

IMMISCIBLE LAYERS: [ ]YES 

DETECTION METHOD: [ JVISUAL 

COLLECTION METHOD: [ JBEAKER 

[ ]NO 

[ JOTHER 

[ JOTHER 
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Appendix H. 1 (cont'd) 
SAMPLE IDENTIFICATION, _ 

PURGE TEAM 

PURGE PROCEDURE/EQUIPMENT: [ JTEFLON BAILER [ ]WELL PUMP 

URGE TIME PURGE VOLUME 

PURGE APPEARANCE 

COMMENTS 

SAMPLING EVENT 

WELL NO. DATE 

SAMPLING TEAM 

SAMPLING PROCEDURE/EQUIPMENT: [ ]TEFLON BAILER 

SAMPLING TIME 

pH METER CALIBRATED WITH BUFFERS: [ ]4 

pH METER CALIBRATED BY 

CONDUCTIVITY METER CALIBRATED WITH STANDARD SOLUTION OF 

UMHOS/CM BY 

pH(S.U.) , . 

TEMPERATURE(°C) ? 

CONDUCTIVITY (UMHOS/CM) , , t 

SAMPLE COLLECTION TIME:CONTALNER*/PRESERVATIVE 

(I) __VOC(G/NONE) (2)_ TOX(A/HN03) 

(3) TOC(a/H2S04) (4) COD(A/H2S04) 

(5) 0&G/TPH(A/HCL) (6) PHEN(A/H2S04) 

N( / ) (8) PHOS(A/H2S02) 

(9) , SO(/ ) (10) TMET(P/HN03) 

( I I ) DMET(PZNONE) (12) pH,COND(P/NONE) 

(13)__ CHLORIDE(PZNONE) (14) SMLL TST(PZNONE) 

( 1 5 ) ( / ) (16) ( / ) 

[ jWELLPUMP 

]7 [ ]10 
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Appendix H. 1 (cont'd) 

FINAL pH(S.U.) FINAL TEMPERATURE(°C) 

FINAL CONDUCTIVITY(UMHOS/CM) 

LOCKED WELL AT 

COMMENTS 

G=GLASS, A=AMBER GLASS BOTTLE, P=PLASTIC(POLYETHYLENE) 



APPENDIX H. 2 

EXAMPLE PURGE VOLUME CALCULATIONS 
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Appendix H. 2 

CALCULATIONS OF PURGE VOLUME 

Determine purge volume as follows: 

Water Level above sand pack: 

3 x [(7irb

2hs - Jire

2hs) x 0.3 + (7rrc

2hw)] 

Water Level below sand pack 

3 x [(rcrb

2hw - 7irc

2hw) x 0.3 + (;trc

2hw)] 

where: 

H> = radius of boring 
rc = radius of casing 
h s = height of sand 
h w = height of water 

This calculation must be based upon 30% filter pack volume. Once the volume to be purged is 
known, purging can begin. The purge water will be collected, containerized and disposed of in 
accordance with local, state and federal regulations and laws. 



Appendix H. 3 

EXAMPLE CHAIN OF CUSTODY FORM 
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APPENDIX H.3 

EXAMPLE CHAIN OF CUSTODY FORM 



s 

# 
" / : Field Custsdy Seal 

NAME AND AGO:-;; OF C = 2-S'lZATION COLLECTING SAMPLES 

Person Collecting S izc i t Sample Ho. 
(s'.cr.ii^re) . 

^ Collected Time Collected _ 

PUce Ccllected 

# 

" ' SJ-eio. 3rd Eer ier , 

f 



F2"c I M e i g S i t t i c i 



# # 

EQUIPMENT CALIBRATION LOG 

.NSTHUMI NT NAME/MODEL PROJECT NAME 

MANUT ACTuncn 
PROJECT NUMBER 



.JE1C 
LiiJLL. 

# # 

CHAIN OF CUSTODY RECORD N 0 . 7 / 4 7 Q 

REI Consultants, Inc. 
225 Industrial Park Rd. 
P.O. Box 286. Beaver, WV 25813 
Phone: 304-255-2500 or 800-999-0105 
FAX: 304-255-2572 

CLIENT: 

ADDRESS: 

CITY/STATE/ZIP:. 

BILL TO: 

CITY/STATE/ZIP: _ 

CONTACT PERSON 

TELEPHONE/FAX 

SITE ID & STATE: _ 

PROJECT ID: 

SAMPLER; 

SAMPLE LOG 

AND 

ANALYSIS REQUEST 

SAMPLE ID 

TURNAROUND TIME 

REQUIREMENTS 

REGULAR. 

'HUSH: g.Day 

3-Day 

2-Day 

1-Day 

PRESERVATIVES H 0 I e PmesemvATivEs -

0 No Pfeservallva " 

1 Hydrochlor ic Ac id 

2 Nitric A d d 

3 Sulfuric Ac id 

4 Sodium Thlosulfale 

5 Sodium Hydroxide 

6 Zinc Acetate 

7 EDTA 

NO. & TYPE OF 
CONTAINERS 

SAMPLING 

DATE/T IME 

H l l l H u l i h t d b , (S l t n» lun ) 

E f m l l l A * q * , H , 

MATRIX 

SAMPLE 

C O M P / G H A B 

_H«ta l«c i l» , I S I f m l i m ) ^ 

SMpmtnl Hind Dal 
f . i l d 

OMi/ l lma 

OMMElirS 

J i 5 j ^ j u i i i i . j « f _ j S i 1 ) ^ i ; ; , , , 

S i inp l i Coajninn Koodf , H 
J l£ l i t i L5 t_ ! i iDn i i " . . i 

J«m-piiJluia Wjioii AHIVJJ 

SfHpmoiit ( Id l , l A X i i i . u i n | 



# 

# 

GROUND WATER SAMPLING FIELD LOCSSZET S,«, 

RADFORD ARMY AMIVfUMTTQN P L A j T r W c I J m . 

WATER LEVEL MEASUREMENTS: 

Dik: Tmc: METHOD: 

Depth of water from reference peine 
Height a/rafaranca point i&ova ground eurfice; 
Depth to water tram ground surface ( a less b): 

.test 

. &=( 
feec 

PURGING 

Date: Tirne: Volume Purged 

SAMPLING 
Date: Time: 

Samples 
TOC 
TOX 
Volatile; 
Sami.VoUrilefi 
MetaUCtorides 
Hardness 
Sulfate 

NOj-NO, 
. Ammonia 

. Conductivity 
- OCX PEST 

PCB 
pH 

. Phosphate 

FIELD MEASUREMENTS 

DO 

pH 

Conduct! viry 

ORP/Eh 

SAMPLE PREPARATION 
Data ... _ Tims „ 

Required Preiemrion Completed 

Sampled Packed oa Ice 
7a 

Yes 

.gallons 

TDS 
.TKN 
, FecaJ Coliforra 

- — Fluoride 
Total Cyanide 

—.Other 
Other 

Temperaiura 

No 

No 

OBSERVATIONS: 

# 



GROUNDWATER SAMPLE LOG SHEET 

'ace 
=ro;ect Site Name 
Proiec: No 

0 Domestic Well Data 
0 Monitoring Weil Data 
0 Other Well Type 
[j GA Sample Type 

Samis ID No 
Samcie Lcczticr 
Samciea S'< 
C C C No 
T/ce cf Sample 
G Lew Ccncentratic. 
Q hign Concentration 

SAMPLING GATA; 

Oale 

i ime 

Method 

Color 

Visual 

pH s c. Temp. Tursidity CO Salinity 1 Other 
mS/ctn Drgrws C NTU rui'1 1 

" i 1 
SA 

Oale 
, „ Velum. | PH [ s.C. 1 T«m, id | TufBi«,,y | CQ | S a „ n , t v ) ^ 

Memca Initial ! 1 I | 1 1 1 

Monitor Peaging icoml 1 1 1 j j 1 1 1 
Well Casing Camaer 4 Material 

" y w 
: i 1 1 I | | | Well Casing Camaer 4 Material 

" y w 

Total Wen Destrt (TO) ! i | | | | | ' ~ 
Static Water Lev* (WL) l | | | | | | 
One Casing Valume(gal/U I I I | | j j 
Stan Purge (hrj) I I I | | j | 
Hnd Purge ( M ) | 1 | | | | | —' 
Total Purge Time (i-im) 

Total Vol Purged (gil/L) 

SAMPLE COLLECTION INFORMAT as ! '• ! J ! ! | 
— L Pfeserviyve | Container Requirements | Collected 

irele if AoDlicao.e' 

MS/MSO Duplicate ID No 
Signjtuie(i) 



Appendix H. 4 

RECOMMENDED SAMPLE CONTAINERS AND PRESERVATIVES 
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Appendix H. 4 

Recommended Sample Containers and Preservatives 

PARAMETER 
ANALYTICAL 

METHOD 

CONTAINER/ 
VOLUME 

REQUIRED PRESERVATIVE MAXIMUM HOLDING 
TIME 

INORGANICS ANAL YSES 

Metals (total) except 
Mercury 6010/6020 P- 1L HNO, to pH<2 6 months 

Mercury (total) 7470 P- 300 ml HNO, to p_H<2 28 days 

Cyanide 9010 P, G - 500 ml 
Cool to <6°'C, NaOH to 
pH>12, 
0 6 g ascorbic acid. 

14 days 

ORGANICS ANAL YSES 
Acrolein and 
acrylonitrile 8260 2 - 40 ml VOA w/ G, 

Teflon-lined septum 
Cool to <6°C 
HCL to pH 4-5 14 days 

Purgeable Volatile 
Compounds 8260 2-40 ml VOA G, 

Teflon-lined septum 
Cool to <6°C 
HCL to pH 4-5 14 days 

Benzidines 
W 

8270 G, Teflon-lined cap - 1 L 
Amber Cool to <6°C 7 days until extraction, 40 

days after extraction 
Hpioethers 8270 G, Teflon-lined cap - 1 L 

Amber Cool to <6°C 7 days until extraction; 40 
days after extraction 

Phthalate esters 8270 G, Teflon-lined cap - 1 L 
Amber Cool to <6°C 7 days until extraction, 40 

days after extraction 
Nitrosammes 8270 G, Teflon-lined cap - 1 L 

Amber Cool to <6°C, store in dark 7 days until extraction, 40 
days after extraction 

Nitroaromatics and 
cyclic ketones 

8270 G, Teflon-lined cap - 1 L 
Amber Cool to <6°C, store in dark 7 days until extraction; 40 

days after extraction 
Phenol 8270 G, Teflon-lined cap - 1 L 

Amber Cool to <6°C, store in dark 7 days until extraction, 40 
days after extraction 

Polynuclear aromatic 
hydrocarbons 

8270-SIM G, Teflon-lined cap - 1 L 
Amber Cool to <6°C, store in dark 7 days until extraction, 40 

days after extraction 

Reference: Test Methods for Evaluating Solid Waste - Physical/Chemical Methods, SW-846 
(current edition). 
Container Types: 

P = Plastic (polyethylene) 
G = Glass 

m 



Appendix H. 5 

Groundwater Monitoring Well Construction Diagram 
(from EPA Technical Enforcement Guidance Document, 1986) 
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APPENDIX H.5 

GROUND WA TER MONITORING WELL 
CONSTR UCTION DIA GRAM 



GAS VENT TUBE 
%"GAS VENT 

WELL CAP 

STEEL PROTECTOR CAP WITH LCCXS 

.SURVEYOR-SPiN ^LUSH MOUNT, 

CONCRETE WELL APRON 
(MINIMUM RADIUS Or 3 FEET 

ANO 4 INCHES THICK) 

= B » « a -

CEMENT AND SODIUM 
8ENTONITE MIXTURE 

WELL DIAMETER-4" 

80REHOLE DIAMETER - 10" TO I T 
(NOMINAL DIMENSION] 

ANNULAR SEALANT 

FILTER PACK (2 FEET OR 
LESS ABOVE SCREEN) 

POTENTIOMETRIC SURFACE 

•—SCREENED INTERVAL 

- BsamHPSfB i ><• - i 

^ W % ! ! S ' " ™ T TRAP 
=9.n9M. CAP* 

GENERAL MONITORING WELL - CROSS SECTION 



# 

Appendix H. 6 

QUALITY ASSURANCE PROJECT PLAN: AN EXAMPLE 

# 

# 
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Appendix H. 6 
QUALITY ASSURANCE PROJECT PLAN 

1.0. INTRODUCTION 
The purpose of the Quality Assurance Project Plan (QAPP) is to define and document 
the specifications and methods to be employed, and to ensure the highest possible degree 
of technical accuracy and precision, statistical validity, and documentary compliance of 
data generated as required by this permit. The format of this document is in accordance 
with the EPA Technical Guidelines for Quality Assurance Project Plans (July 1988). 
Additional sources of information used for this QAPP originated from the US EPA 
RCRA Ground Water Monitoring Technical Enforcement Guidance Document (9/96), 
SW-846 Test Methods for Evaluating Solid Wastes, Standard Methods for the 
Examination of Water and Wastewater, 1989, and the Annual Book of ASTM Standards 
1992. 

2.0. PROJECT DESCRIPTION 

2.1. Introduction 
The Post-closure Care activities required by this permit are comprised of, but are not 
limited to: groundwater monitoring, cap maintenance and repair, and data evaluation. 

2.2. Target Compounds 
Analyses which will be completed during the Post-closure period are specified by Permit 
Conditions I . I . I and 2, or Permit Conditions V.F.l.c and 2.c, for Units 5 and 16, 
respectively. Groundwater samples will be collected for all constituents listed in 
Appendix E to Permit Attachments 2 and 3 for Units 5 and 16, respectively, at the 
frequency specified in Permit Module V. in addition, samples for Appendix IX to 40 
CFR Part 264 constituents shall be collected annually at the point of compliance 
monitoring wells specified in the Compliance Monitoring Program (Permit Conditions 
V.D.l.a and 2.a for Units 5 and 16, respectively). 

2.3. Data Use 
Monitoring under the permit is designed to be consistent with the objectives of RCRA. 
During the remaining portion of the 30-year post-closure period which began in August 
1993, groundwater data will be collected to establish a database to assess the groundwater 
quality. The monitoring program has been developed to determine compliance with the 
Groundwater Protection Standards (GPS) specified in Appendix G to Permit 
Attachment 2 and 3 for Units 5 and 16, respectively, and to be protective of human 
health and the environment. 
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2.4. Sampling Locations 
The locations of the monitoring wells from which the groundwater samples will be 
collected were determined by historical groundwater quality data and groundwater flow 
directions obtained from previous investigations. These locations are specified in Permit 
Module V. 

2.5. Schedule 
Groundwater monitoring shall be conducted at the frequency specified in Permit Module 
V. Sample analyses will be completed within approximately five (5) weeks of receipt of 
the final sample. Analytical results will be made available to the DEQ approximately 45 
days from the date the analytical data is available from the laboratory. 

3.0. QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA 
The Quality Assurance (QA) objectives for the project are listed below. The QA 
objectives for measurement data are provided below. 

3.1. Precision 
Precision is the degree of reproducibility of a measured quantity. Precision will be 
evaluated in the field at the point of measurement. Laboratory precision will be verified 
by the laboratory in accordance to the Laboratory Quality Assurance Manual (QAM). 

a. Temperature and pH: 
Two measurements of temperature and pH will be made before and after sampling 
at each well. The second measurement will be a duplicate measurement and must 
agree to within plus or minus the sensitivity of the instrument. These 
measurements will also be used to determine stability of groundwater for 
sampling. 

b. Specific Conductivity: 
Two measurements of specific conductivity will be made before and after 
sampling at each well location. The second measurement will be considered a 
duplicate measurement and must agree to within plus or minus the sensitivity of 
the instrument. These measurements will also be used to determine stability for 
groundwater sampling. 

4.0. LABORATORY ANALYTICAL MEASUREMENTS 
Precision objectives for all laboratory analytical measurements are defined in the QAM, 
provided as Appendix 7 of this SAP. 
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4.1. Accuracy 
Accuracy is the degree of conformity of a generated value to the true value. The 
accuracy of field measurements is generally limited to the sensitivity of the instruments 
used. The accuracy of laboratory measurements will be evaluated through the data 
validation process (see Section 10.0). 

a. Groundwater Level: 
The accuracy of water level measurements is limited by the sensitivity of the 
measuring instrument. The electric tape to be used must have a sensitivity of ± 
0.02 feet. 

b. Temperature and pH: 
The accuracy of these indicator measurements will be limited to the sensitivity of 
the measuring device as follows: temperature to ± 1.0°C and pH to ± 1.0 standard 
unit. 

c. Conductivity: 
The accuracy of this indicator measurement will be limited to the sensitivity of 
the measuring device and no less than ± 10.0 umbos. 

d. Laboratory Analytical Measurements: 
Accuracy objectives for all laboratory analytical measurements are defined in 
Section 4.0 of the laboratory's QAM (Appendix 7). 

5.0. SAMPLING PROGRAM 
All sampling locations were selected to monitor groundwater quality in the alluvium and 
in the dolomite bedrock underlying the facility and western portion of the Kroger 
property. The purpose of the monitoring is to provide a database to track groundwater 
quality over a 30-year period to assess groundwater quality changes with time and 
provide early detection of migration beyond present limits. 

5.1. Field Measurements 
Environmental field measurements will be conducted as required in the Sampling and 
Analysis Plan (SAP) (Appendix H to Permit Attachment 1) prior to sampling. Health 
and safety field measurements will be adhered to as specified in the applicable Health and 
Safety Plan. 

5.2. Groundwater Samples 
The location, sampling frequency, and analytical analyses for an upgradient well or wells, 
point of compliance wells, compliance monitoring wells, sentinel well(s), and local 
potable water supply wells are specified in the Compliance Monitoring Program (Permit 
Module V ) . 
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The SAP (Appendix H to Permit Attachment 1) provides details on the sampling 
methodology to be used at the site. 

5.3. Trip and Equipment Blank Collection 

a. Trip Blank: 
Trip blanks are collected and analyzed for all constituents in the sampling list. A 
trip blank consists of a set of sample bottles (one of each type of sample bottle 
used) filled at the laboratory with laboratory-demonstrated analyte-free water. 
This water must originate from a single source and physical location within the 
laboratory. Trip blanks will be preserved in the same manner as aqueous field 
samples, but will be preserved before leaving the laboratory rather than in the 
field. Trip blanks will be handled, transported, and analyzed in the same manner 
as the samples acquired that day, except that the sample containers themselves are 
not opened in the field (they just travel with the sample collector). Trip blanks 
must return to the laboratory with the same set of bottles they accompanied into 
the field. 

The following procedures will be followed with trip blanks: 

• Each separate laboratory shuttle arriving at the site with empty sample bottles 
for sampling will contain a trip blank filled at the laboratory with analyte-free 
water. 

• Prior to shipping the samples to the off-site laboratory, the trip blank will be 
cooled with ice to 4°C ± 2°C. 

• Trip blanks will be collected/shipped at a frequency of one trip blank per 
sample shipment of samples for VOA analysis. 

b. Equipment Blank: 
The equipment blank is collected by passing laboratory-demonstrated analyte-free 
water through or over clean sample equipment, and then placing the water in an 
empty sample container for analysis. The equipment should have been 
decontaminated prior to sampling using the procedures described in Appendix H 
to Permit Attachment 1. The transfer should occur in the field location with the 
highest potential for contamination. 

If non-dedicated equipment is being used, the following procedures will be 
followed for equipment blanks: 
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• At least one equipment blank will be collected during the sampling event and 
will be analyzed for the same parameters as the environmental samples. 

• The equipment blank will be cooled with ice to 4°C ± 2°C to preserve the 
blank. 

5.4. Laboratory Replicate Samples 
Laboratory replicates will be performed by the laboratory consistent with the attached 
laboratory QAM. The collection of additional sample volume may not be necessary. 

5.5. Containers, Preservation and Holding Times 
The containers to be used, the preservation techniques to be employed, and the applicable 
holding times for aqueous samples are presented in Appendix 4 of this SAP. 

5.6. Chain-of-Custody Procedures 
Chain-of-custody procedures are presented in Section 6.0. 

5.7. Sample Transportation and Storage 
Sample containers will be shipped from the laboratory to the field. After filling, the 
containers will be packed in ice and shipped via overnight courier to the off-site 
laboratory. Precautions will be taken to minimize the possibility of breakage. Upon the 
arrival at the laboratory, the temperature of the water inside the shipping containers will 
be checked and noted on the chain of custody. The laboratory will be prepared to receive 
shipments of samples during weekends. 

5.8 Prevention of Cross-Contamination 
Cross-contamination of field samples will be prevented through the use of 
decontaminated equipment and dedicated materials. Decontamination procedures for 
bailers, pumps, etc. will follow that provided in the SAP. Bailers will be decontaminated 
in the laboratory and transported to the site. Field decontamination of pumps will be 
required when a pump is used for more than one well for purging or sampling. Materials, 
such as nylon rope, will be dedicated to each sampling point. 

5.9 Documentation of Sampling Activities 
Proper documentation of all activities at the facility will be made by field staff. Water-
resistant field log books will be maintained to record pertinent information at each 
sample location. Information recorded in the field logs will include name and location of 
site, date and time of arrival and departure, name of person keeping the log, names of all 
on-site personnel, purpose of visit, location of sampling points, field instrument 
calibration information, number of samples collected, matrix of sample and volume of 
samples taken, method of sample collection and any factors that may affect the quality of 
the data collected, sample identification numbers using unique sample labels, weather 
conditions and any other observations deemed pertinent. 
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6.0. SAMPLE CUSTODY 

6.1. Field Custody 
The Chain-of-Custody will begin with the shipment of sample containers from the 
laboratory to the site. For all sampling, appropriately prepared containers and blank 
water will be shipped in custody-sealed containers with a Chain-of-Custody Form. When 
overnight couriers are utilized, the air bill will become part of the Chain-of-Custody 
record, if available. The receiver will verify that all chain-of-custody seals are intact. 
Any shipping containers that show evidence of tampering will be addressed with the 
Project Manager. Any deviations from the original shipment documents will be noted on 
the Chain-of-Custody Form and the receiver will accept custody for all or part of the 
shipment by an exchange of signatures with the delivering agent. 

When a sample has been taken in the field, the sampling technician will complete the 
Chain-of-Custody Form. The sample will be secured in a shipping container by the 
sampler and must remain in his or her possession until it is secured in an approved 
location accessible only to authorized personnel or until custody is transferred by an 
exchange of signatures to another person. 

Each sample container will be clearly identified using standard container labels. It is 
imperative that information on the Chain-of-Custody Form and the container label 
matches in every respect. The label is printed in waterproof, self-adhesive stock. All 
labels in a set have the same identification number. Labels with the same identification 
number will be used on the various bottles that usually constitute a single sample. 

Following are definitions for some of the terms on the labels: 

a. Identification Number. This field consists of a four to seven character 
alphanumeric code and the date. All labels in a set have the same identification 
number. The label set will be applied to each bottle within one sample and to the 
corresponding forms or notebooks. The purpose of the identification number is to 
provide a single, unique identifier to distinguish the sample from all others and to 
simplify data management. 

b. Site: The site is the name of the overall area from which the sample was taken. It 
, is the largest area of concern in a project (i.e., it is the name used for the area of 

the entire project). A single name or abbreviation will be used by samplers. 

6.2. Laboratory Custody 
Transfer of custody to the analytical laboratory, and sample custody within the 
laboratory, are addressed in Section 6.0 of the laboratory's QAM (Appendix 7). Upon 
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completion of analysis, samples will be maintained at the laboratory under chain-of-
custody for a period of six months. Thereafter, all remaining samples will be released for 
proper disposal. 

7.0. CALIBRATION PROCEDURES AND FREQUENCY 

7.1. Field Instruments 
A calibration program will be implemented to ensure that routine calibration is performed 
on all field instruments. Field team members familiar with the field calibration and 
operations of the equipment will maintain proficiency and perform the prescribed 
calibration procedures outlined in the manufactures' instructions accompanying the 
respective instruments. Calibration records for each field instrument used on the project 
will be maintained in the field. 

Three field instruments will be used during sampling that will require calibration and 
include specific conductivity meter, pH meter, and a thermometer. Calibration 
procedures for these instruments is provided in the SAP. 

7.2. Laboratory Instruments 
Laboratory calibration procedures are addressed in detail in the laboratory QAM 
provided as Appendix 7. All calibration procedures will be consistent with the method 
used for analysis. 

8.0. ANALYTICAL PROCEDURES 

8.1. Field 

On-site procedures for analysis of temperature, pH, and specific conductance are 
addressed in the SAP. 

8.2. Laboratory 
Laboratory analytical procedures will be in accordance with 
EPA's SW-846, Test Methods for Evaluating Solid Waste, August 1, 2000. Web site-
http://wwwiepa.gov/epaoswer/hazwaste/test/main htm as updated. Specific analytical 
methods for constituents in aqueous samples are listed in Appendix E to Permit 
Attachments 2 and 3 for Units 5 and 16, respectively, and Appendix I to Permit 
Attachment 1. The laboratory will maintain, and have available for the appropriate 
operators, SOPs relating to sample preparation and analysis according to the methods 
stipulated in the tables referenced above. Specific laboratory procedures are addressed i 
the Laboratory QAM provided as Appendix 7. 
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9.0. INTERNAL QUALITY CONTROL (QC) CHECKS 
9.1. Field QC Checks 

a Calibration 
Field measurements of temperature, pH, and specific conductance will be 
obtained for groundwater samples. Calibration of the instruments used to obtain 
these measurements is discussed in Section 7.0 of this QAPP. Calibration records 
for each field instrument used on this project will be maintained in the field 
notebook. 

b. Trip Blanks. 
The primary purpose of this type of blank is to detect any potential additional 
source of contamination that could potentially influence contaminant values 
reported in actual samples, both quantitatively and qualitatively. Trip blanks 
serve as a mechanism of control for sample bottle preparation, blank water quality 
and sample handling. The trip blank travels to the site with the empty sample 
bottles and returns from the site with the collected samples in an effort to simulate 
sample handling conditions. Contaminated trip blanks may indicate inadequate 
bottle cleaning or blank water of questionable quality. The following have been 
identified as potential sources of contamination: 

• Laboratory reagent water, 
» Sample container, 
• Cross-contamination during shipment, 
• Ambient air or contact with analytical instrumentation during preparation and 

analysis at the laboratory, and 
• Laboratory reagents used in analytical procedures. 

Issues affecting the use and integrity of trip blanks include the following: 

• Handling - The trip blank must be shipped back to the laboratory with the 
same sample bottles they accompanied into the field regardless of whether all 
the sample bottles were used. The temperature of the trip blanks must be 
maintained at 4° ± 2°C during shipment 

• Holding Time - The holding-time for volatile organics begin at the time of 
sample collection of the oldest sample in the shuttle. 

c Equipment Blanks 
The equipment blank provides a check on possible sources of contamination such 
as ambient air and sampling instruments. The reason for performing equipment 
blanks in the most impacted area is to attempt to simulate a worst-case scenario 
regarding contributions from ambient air or from improperly cleaned sampling 
equipment to sample contamination. 



^ 

^ 

^ ^ c ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ / ^ ^ ^ ^ ^ ^ 
^ ^ ^ ^ ^ . ^ ^ ^ ^ ^ - ^ . ^ ^ ^ ^ / - ^ ^ ^ ^ B ^ / 

Equipment blanks should be handled, transported, and analyzed in the same 
manner as the samples with which they 

l^nesatfecting the use and integrity of equipment blanks include thefollowing: 

^ Handling-The temperature ofthe blank watermust be maintained a t ^ ^ ^ C 
during shipment. 

^ elding Time-Holding times tor individual parametersare dictated hythe 
specific analytical method heingused.Theholding-timeclockheginsatthe 
time ofsample collection ofthe equipment blank. 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Eaboratoryreplicates will be performed bythe laboratory consistentwith the 
l^boratoryQAM.Eaboratory replicate samples may ormaynotnecessitate the 
collection of additional sample volume in the field.Thecontracted laboratory 
will include additional sample containers ifthey require additional sample 
volume. 

9.2. Sample Collection 

Groundwatersampleswillbecollectedaccordingtothefollowingorderofvolatilization 
(TEOO,1986): 

^ volatile Organic Compounds-no headspace or air bubbles 
^ Semi-volatile Organic Compounds 
D Metals(dissolved and total) 

intheeventadditionalsamplevolumeisrequiredforlaboratoryreplicates,theadditional 
laboratoryreplicatesamplewillbecollectedbyaltematelyfillingsamplecontainersfi^^ 
thesamplingdeviceforeachparameter Samples forvolatileorganicsanalysis should be 
filledfrom the same bailerfullofwaterwheneverpossible and be the first set of 
containers filled. 

9.3. Laboratory QC Checks 

eternal QC checks aredocumentedin the laboratoryQAMprovidedasAppendlx7. All 
laboratoryintemalQCcheckswill conform to thoserequiredbythemethodologiesnoted 
in the tables provided in Section 8.0ofthis QAPP. 

10. DATAREPORT1NG 

^ 
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10.1. Field Data Reduction 
Data reduction will occur for the field measurements at the point of sampling. At the 
point of sampling, the data, as measured by the field instrument, will be reported in the 
field notebooks as well as on any forms required for the project. 

10.2. Office Data Reduction 
Upon the return of the analytical results from the laboratory, and after data evaluation, the 
data will be further reduced to data tables, graphs and images. The data tables will 
contain the following information: 

• The date and number of the most current revision; 
• Information identifying exactly the samples represented on the tables (e.g. sample 

location, matrix, depth, etc.); 
• The compounds for which the samples were tested; 
• The results for each compound; and 
• The data flags as applied by the laboratory and the data validators. 

10.3. Data Reduction 
Data reduction in the laboratory is covered in detail in the laboratory QAM provided as 
Appendix 7. 

a. Identifying Outliers in Field Data. 
Outliers are isolated, anomalous analytical results. Outliers in the field 
measurements will be determined through comparison of historical data to current 
measurements. The Principle Investigator responsible for field activities will 
conduct the comparison and order any suspicious measurement data re-measured. 

b Identifying Outliers in Lab Data: 
Detailed procedures for the laboratory identifying outliers are found in the 
laboratory's QAM provided as Appendix 7. The laboratory's results, including 
their identification of outliers, will be verified through the data validation process. 

10.4. Data Reporting 
Any proposed equivalent forms required below must be justified by the laboratory and 
approved in advance by the Permittee or its designated representative. 
Appendix 7 
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Appendix H. 7 
EXAMPLE LABORATORY QUALITY ASSURANCE MANUAL 

NOTE: This document is provided as an example of the minimum acceptable standard for 
Quality Assurance Manuals. 
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Appendix H. 7 
EXAMPLE LABORATORY QUALITY ASSURANCE MANUAL 

NOTE:This document is provided as an example of the minimum acceptable standard for 
Quality Assurance Manuals. 
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2-0 OBJECTIVES 

iae Qualir/ Assure Program a: CHESTER LabNe: is orizccaHv 
procucmg result of verifabie bgb quaiiry. To^ds mis" soil' ±e ^ 
aatiresses several areas: 

Dececdon of problem trough s^dsncai measure, of accessary 
and conndeuce. ' 

— Implementation of corrective action. 

3. Documentation procedures designed to produce legallv defensible 
results. 

4. Establishment of training programs to assure that each person is 
thoroughly familiar with the methods, procedures, and documentation 
of his area of activity. 

5- Development of a review and validation process to verify 'that all data 
produced by the Lab are within the guidelines defined in this Manual 
and the associated Standard Operating Procedures. 

* * U = 3 . 03/73 
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3.0 ORGANIZATION A.NT) RESPONSIBILITY 

' " - T " 0 ; C i S 5 : : r U b N = : « « O r ^ - i c U i StT.Cr,, 
as cescnoed in mis seeaon. 

3.1 CHESTER LabNet 

I ^ N c ^ b u r g h is an integ^j pan of a larger organization, 
CHESTER LaoNe; whose organizational scheme is illustrated in F i n - 3-1 The 
LaoNet Operations Manager is responsible for assuring chat the Laboratory 
Directors are thoroughly familiar with the Quality .Assurance Manual and „ood 
laooraiory practices. The role of the Laboratory Directors will be discussed h the 
next section. 

22 Laboratory 

3—.1 Organization 

Figure 3-2 illustrates generically the organization of each Laboratory. -

3-22 Responsibility 

Tne U m z m a m z w i is responsible for assuring that all Section Managers aad 
Group Leaders are thoroughly familiar .with ± £ Q n a l i „ Askance Manual and 
goodjaboratory praedces and that all laboratory personnel meet the reouisit-
quahncaaons for their positions within 6e laboratory. The Laboratory Director or 
to d«ign=e, must review and approve all outgoing reports. The Laboratory 
Director , aho responsfole for effective daily management of the Moratory and its 
s and .or communication and liaison with the client. 

Tun. - am 
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x— Ouaitrv Assurance Ma-? ?- is responsible for assuring that me QA/QC 
requirements cf me Quality Assurance Manual and its associated Smczsd 
Operating Procedures and addenda are strictly followed. He is responsible for 
reviewing dam validation procedures, alerting the sections and groups should ihe 
need Jar corrective action exist, performing internal audits, introduction of 
performance evaluation samples on a periodic basis, and maintenance of the QC 
records. He is also responsible for preparing project-specific QA/QC plans. 

Tne QA/QC Manger functions independently of the laboratory staff In order to 
achieve independence from the pressures of daily production in the laboratory and 
inaintain the necessary objectivity, the QA/QC Manager reports both to the 
Laboratory Director and the Operations Manager. 

Tne Froiect Manager is a position assigned by the Laboratory Director for specific 
projects. Projects may require a specifically assigned manager because of the 
unusual nature of the project, complexity of the analytical techniques or reporting 
requirements, or the need for coordination of activities in several laboratories. The 
responsibility of the Project Manager to the specific project rransccnds that of the • 
Laboratory Director. The Project Manager will alert the'.Group' Leaders^ " 
problems arise in meeting schedules or sample holding times. It is also the Project 
Manager's responsibility^ to assure that work on the project fa-performed in 
accordance with project specified protocols, following project specific QC 
requirements. Acceptance of results on analyses for the project is subject to 
approval by the Project Manager. 

-am J - . i 



4.0 SAMPLE CUSTODY 

i o provide for legal de:er_sibiiir/ c: ail work performed a: a give- size, i : is essential 
ro oe aoie to provide documentation tracing me samples com coilecnon, io m* 
laoorator/, and mrougn me anal^cal oroced^es. CHESTER Environme-ml 
perrorms oom sampimg funcnons and analytical functions: however, me laborato-/ 
can guarantee that mis Manual is followed from the point of onen oniv for samples 
that are bom collected and analyzed by CHESTER Environment. 

Mamtaining sample custody consists of wo distinct aspects: maintenance of the 
samples in the field, and maintenance of the samples from the time of receipt in the 
laboratory. These two aspects are discussed separately in the following sections. 
Inasmuch as sampling is not necessarily performed by our personnel, the custody 
zzd documentation in the field are included here as a recommendation. 

4.1 Custody and Documentation in the Field 

Tne field sample custodian, which, depending upon the project, may be the samoler 
or another person in the same sampling group is considered to have 'custody of the 
samples at all times during the field operations, until the samples are shinned to 
storage or to the laboratory. Upon collection of a sample m" the'field, the sampler 
mgs the sample .with its site and type (water, sou, sludge, etc.) identification. The 
sampler also indicates on the tag the date and time of sampling. .After cleaning the 
eztcrior of the sample container, the field sampler transfers tbe container with the 
tag to the field sample custodian. 

Throughout mis document, the term sample is used to indicate a cuantiry of on-
rype ot material collected at one time, at a single location. Thus, a" water samoie 
day be snipped to the laboratory in several containers, depending uoon the reouired 
cestrng and sample preservation dictated by the project. Each container is identified 
ss a sub-sample, but it is not classified as a unique samoie. 

am r, ^ 



ice field sample custodian compares me identification of me mciivitiuai samcle 
wita me sampling plan, and enters ail pertmeat mformazcn on me mam-of-custocv 
cocmzez: aad on me label of the suo-samrie coazamer. T 
be included consists of me follow-ms: 

Project identification 

Sample identification (such as station number and location) 

Date of sampling 

Time of sampling 

Name of samoier 

* arameters for which the sample is to be analyzed 

Number of containers * > " * " ' . 

Sample manix (groundwater, surface water, wastewater, soil sediment, sludge, 
unknown waste, etc) • . = ' 

Added preservatives in"each sample container 

Ice chest number 

Chain of custody number 

A sample field chain-of-custody is shown in Figure 

T&ta .«sm 4-2 





The nelo sample custodian ts men responsible for packaging me sampled for 
smoomg,addmgiceif me samples require c^^^g^sign^ 
custody document̂ placmg me cnam of custody documentmawat^ 
and atmchmg the envelope to me msme of the ice chest lid. 

If me samples are to be shipped b^ a common carried then the field sample 
custodian must also place custody seal on the ice chest-

Simuitaneously v̂ ith fiiiingout the chain of custody document, the neldsample 
customan also records meun^ormation in the neld logbook, infihngmechainof 
custody document and me neld logbook, any corrections mat need to be made muŝ  
be done so that the origmaimcorrect entry is legible. Hence, tne Incorrect entry Is 
Imed out, and me change is initialed and dated by the field sam 

Table^llists the required types of contamers, preservatives, and hô  
each type of analyte. it is me responsmmty of me field sample custodian to assure 
that each sample or sub-sample are packaged correctly- The samples are considered 
formany to bemthe custody of me field sample custodian u^ 
transferred to me carrier, and tne marker is docum 
until the samples are transferred to me laboratory in person.̂  

4^ Sample Custody in the Laboratory 

The iabomtory operation, as it pertainsm 
functions. Specincaiiŷ  these are: sample receipt, inspection of the samples, 
reconciliation of the information on the sample label and the chain-of-custody, 
t̂ ettmg the project manager of any mconsistenciesmthe shipment 
samples, placing me samples in appropriate storage areas, distribution of the 
mformationtothe laboratory anaiyn^ 
samples to the analysts, and recovery of the samples at the completion of me 
analysis. 



_ T A B L E ^ - I 

C0.NT.4J.NnRS, PRESERVATIVES,"A>U HOLDING TIMES 

ANALYSIS 

VoiadlSrOrgariics 

Sernivoiarile orzsrdcs 

CONTAINER PRESERVATIVE HOLDING TIME 

G 

G 

KCL Ceo! :o 

Cool to 4°C " d to extraction, 
40 d for extract 

Organochlorme pesticides G Coo! so *°C 7 d to extraction, 
40 d for extract. 

Herbicides G Cool to 4°C 7 d to extraction, 
d0 d for extract. 

Organophosphorus pestie'd es G Cool to 4°C 7 d to extraction, 
40 d for extract. 

Metals (except mercury) P HNO3 0 m 

Mercury P HNO3 23d 
Hexavaleat chromium P Cool to 4°C 24 h 
Acidity, Allc?fin'Tv ?.G Cool to 4°C l^d 
Ammonia, COD, total 

Phosphorus, Nitrate-Nitrit: . ? ' G 

Cool to f°C 
28 d 

BOD P,G • Cool to 4°C 48 h 
Chloride, Fluoride P None 28 d 
Color P.G Cool to *°C 48 h 
Cyanide P.G NaOH, 

Cool to :°C ' 
14 d 

Hardness p KNO3 6 m 
pH P.G None Immediately 
Nitrogen, Kjeldahj and 

local organic. Phenols 
G KiSO/, 

Cool to 4°C 
28 d 

Tl try . arri 
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TABLE 4- I 
CONTAINERS, PRESERVATIVES, AND HOLDING TIMES 

(continued) 

ANALYSIS 

Nitrate & Nitrite 

Oil and Grease 

Ortho-phosphate 

Dissolved oxygen 

Residue, Total Filterable 
NonSherable, Volatile 

Residue, SerJeable 

Silica 

Sulfate, Specific 
Conductance 

Sulfide 

Sulfite 

Surfactants, Turbidity 

Temperature 

TOG 

TOX 

CONTAINER PRESERVATIVE HOLDING TIME 

NOTES: 

P = Polyethylene 
G = Glass 
h = hours 
d = days 
m = months 

P,G 

G 

?,G 

G 

P.G 

P,G 

P 

P.G 

P,G 

P,G 

P,G 

P.G 

G 

Cool to 4°C 

K7S04, 

Cool to 4°C 

Cool to 4°C 

None 

Cool to 4°C 

Cool to 4°C 

Cool to 4°C 

Cool to 4°C 

Zinc acetate -f 

48 h 

23 d 

48 h 

Immediately 

7d 

48 h 

28 d 

28 d 

7d 
NaOH. Cool to 4°C 

• 
None _ Immediately 

Cool to 4°C 48 h 

None Immediately 

28 d 

HiSO* 
Cool to 4°C 

H7SO4 
Cool to 4°C 

8d 
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« 4 Simple RKeip e „, t h e Laboratory 

* • * ^ . ^ ^ 

iifESHHSSSS 
-) a t m e of receiving the shipment. = " 
If, for any reason, the shipping container is not expected to be ooened imm-dia-Iv 
nen me seals on the container must remain intact. ' ~ 

422 Shipment Inspection 

LL?;rd r ,a sMpm£m r=cs,vsd h "*i2borato,y ̂ bt ^ 
^ U P O T r = C i i - 0 t - P r i ° r 1 0 ° P ^ S ^ shiPPing container the 

o-s.ody seais will be inspected to assure that no tampering has been done with the 

SiST r = a d rapidIy- ™ — * r™ - ^-p" 
o ? . t i C r f £ ! " ^ - ° ' ^ ^ y doone* is retnoved froE the inside 

sanTo e t " " " ^ « amoved froa the ice chesL Tne 
" S U ° - S a a p l £ • » "cnt'ed and reconciled Mth the number of 

. 53/VJ 
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sucn containers indicated on the cham-or^ocy. L" the numbe- of r ' - ' v ^ 

sampie cockers 15 less than ma: incicated on chain-of-custody o Z ^ Z 

material mside me behest are further cnecked co cake sure matlo'sam,,: 
coctame: cas oeea acricentiy left m the ice chest. 

Each manual sample or S a m p l e coa le r is visually inspected to dec—n. 

-

"od and placed onaworkbench to complete ±e inspection. %oumeocbc-band~ 
oere is mdicadoa±at breakage, crackmg, corrosion or ^ ' 
utspecnon ot the sample containers will be comoleted while the contains ar k-ot 
m me fume hood. * ? 

Tne mtegriry of me mm\iduai sample orsub-sample containers is recorded oath-
sample shipment checklist. 

423 Reconciliation with Chain-of-Custody Document 

Once the integrity of the sample containers has been determined, the samole 
contamers are reconciled against ±e records on ̂ echain^f-'custodv. This'isdone 
by cneckmg the sample identmcadon on the cham-of-custody and on ±e samol-
contamer label maddinon, me analyte i d e n t m ^ 
they are correct. 

Any discrepancy is noted on the chain-of-custody, sieed, and dat-d The 
discrepancies are abo entered on the sample sk'pment checklist A: this coin' the 

i i s s l l g s ! 
zzzzr - * -* c : = ; . a m 
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Resolution of Shipment Irregularities 

rr 
^ cay irregumnties are notes curmg ±= sample shipment inspecnon, m=v are 
~ZCG~n~r 

r e « o „ = , checSiU, *=d cbeddfe is s a b ^ d : 0 

M a ^ a - 2 e : - 1 = 5 M e c M a ^ r win cocac: a s eiics.-, ° ^ 

zame ot coctac; tine and da:e of the conversation and ±e resolution ô  ± 1 
irregularities. 

There are several possibilities for the resolution of tne irregularities. These are: 

a- Return the sample shipment to sender. 

b. Destroy the entire shipment of samples. 

c Log in and process those samples that are intact. 

The sample shipment checklist containing comments regarding resolution of anv 
irregulannes is returned to Information Services, the personnel of whir wuTact 
according to the annotated agreement with the client. 

To rn^intain the custody of the samples, the entire sample shioment durin, this 

p Z l e l . ^ " '" ted up masecurc area or is in view of Sample Reeling 

42.5 Sample Log In 

Once me sample shipment has been inspected and anv irresularldes r-solv^ me 
sample smpmenc is ready co be logged in. For laboratory purooses^asinzlesaliole 
s^p=enc com a specinc clienc consdruces a single job. Tbe shipment may contain 
one or many samples and may bav^^ 
snipping containers. 

'"oira am 
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For the ^process . Sample R e c e ^ ^ 

Entry in Master Loc 

The Master Log is a hardbound book in which ail jobs received in the labcra-oryar, 
cnronolopcaliy recorded. The following information is entered in the Master' Lo 2 : 

(a) Job Number 

(b) Dace of Receipt 

(c) Date of Loggj'ng-in 

(d) Name of Client 

(e) Number of Samples (not sub-samples) 

CO Due Date 

is) Sample Matrix 

S S S S S i 
u ana Be ta three atgtu are chronological within the month. Thus. MS402005 "is 

F , Z % . ^ ^ "* ? i n S b U : S h U b ° r 2 r o t y f ° r ̂  ** M during 

* » ^ = 3 . O / T J 
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# 
Da:a: 

Praise; Number: 

Customer 

P O Nurr.cer. 

Description: 

Matrix: 

Sample Nc. 

FIGURE 4—i 

CHESTER LA=NET-?rTT3 = URGH 

FscsiveC 5y 

Ca:s Fecsivec: 

Tine deceived 

Charge Numcer: 

rncnr/-



Information Dis:ribu:ion and Job Film* 

" * T n W E e r * ' « ^ for each ,ob. Sa_-.?u * ^ 

P S 
He S. for the job is placed in the active laboratory cental fob fflh. ^ 

%se5:=5=re 
4-2.S Custody Transfer Within the Laboratory 

^ i ^ : ^ ^ ^ ™ ^ - ' 

l « 
• CT: 
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Chester LabNet-PitMburgh page2 
Internal Transfer Form 

JO 3-

SAMPLE iVw^HRS ANALYSES 
ZSTURSZD EY DATE 
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5.0 ANALYTICAL PROCEDURES 

" o r d s r t 0 ? r 0 C 'U C 2 =earnagrul results, bo± szrpung and analytical procedures 
aus: be sound and co=pii=euz=ry io each otber. \vnue dose coordbacT" 

on oi 
acnvtnes oer̂ een the liberator, and 5eld services is kizbiy advisable - ord- to 
produceayghcuah^ product, laboratory services may involve analvses ofsantnl-s 
collected through organizations other than CHESTER E l e m e n t a l T-us "th-
appbeanon of strict procedures regarding the cansferofsamoles from th-leldin" 
some <ases may involve conditions beyond the control of the laboratory. 

5.1 Coordination of Activities 

Analytical services are requested through several sources. The project manager acts 
as liaison between the client and the laboratory on all matters ocrtaininAo the 
project. However, requests for analytical services may originate with the laboratory 
sales representatives or other key technical persons in the laboratory. The person 
receiving the request will enter a description of the requested work on an Analytical 
Request Form, shown in Figure 5-1, and the information will be entered into the 
Laboratory Information System as proposed work. When the proposed project 
becomes a definite task for the laboratory, the Laboratory Director will assign a 
Project Manager who will activate the project and distribute the mformadbn 
together with the anticipated schedule. In mat way, the laboratory sections and 
groups that will be involved in the analysis are made aware of the upcoming work. 

An further coordination and scheduling of the work will be through the assigned 
Project Manager. 

Preparation of Sample Containers 

For clients and projects that require the laboratory to supolv containers for samol-s 
Manager of Sample Receiving will be respomroleforpreDaringthe containers' 

baling mem, and shipping them to the client. It is the responsibility of the Project 
Manager to inform the Manager of Sample Receiving of the need for containers. 

* * U 3 4 . f f l / T J - ^ 



AGURS 5-1 
ANALYTICAL REQUEST FQRS 

•

C'ien; Cor.tzc:: 
' • . Ca:a: 

c:« 
~~ __ le'ecrcns-

Peeress: 
• . _ ?-c>5c; Warzcar 



Suci cocfcauoa must be rece,v== by me Sample R = « : 5 Secuo, a: leas; 
«<or<mg cays ?nor :o me mze f o , , , b c i _ s 2 = ? l j ^ 

For acueous Seld samples, ae, pre-c:ea,ec sample bor.es , im T=5ca fa* 
cans wul oe used, T— P n — . . — " 

**"" c c - ^ - - ^ - i i i ce preparec with ±g atjo-orn*-. 

S 2 B S 3 ~ ; » ~ 
Table 4 . l ^ ± e a p p r o p n a : = c o n ^ n ^ 

5J Instrument Maintenance 

Maintenance of the instrument in ±e laboratory consists of two major aspects Th* 

===Z=rr=rz%±-
i S H ~ a : - -

53.1 Preventive Maintenance 

mm:m#= 
~ ^ ' ^ j = ™ j t ~ ^ 

* ^ eo/rj 
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^ B e n ^ e m a m t ^ ^ ^ ^ ^ ^ ^ 0 ^ ^ ^ ^ ^ 
^ ^ ^ ^Orzs are co^o^^ ^ - ^ ^ ^ ^ D ^ D 
^ ^ ^ ^ ^ e ^ ^ ^ ^ ^ ^ ^ ^ B ^ m e 
^ ^ ^ ^ ^ e ^ ^ 
^ ^ ^ ^ e ^ 
^ ^ ^ ^ e ^ 

^ ^ ^ ^ ^ ^ ^ ^ ^ r e 

^ e ^ r ^ ^ 

^ ^ ^ e ^ ^ 

^ ^ ^ ^ ^ ^ n ^ ^ ^ ^ ^ 
^ ^ ^ ^ ^ ^ ^ 

^ ^ m v o i d e d a n ^ e s ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ D ^ 

^ ^ ^ ^ ^ 

^ ^ o ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ - ^ 
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# 

Individual ccxznis :g ±s nscsssary ca.-rscave acaon 
Date 

APPROVALS 

[_ MA .VAC?? O? Q^fffTNATiNG D=?4B-nunrxr7 
, p ? e 3 n .laboratory {e.g. pracsdars. insa-jaent) rslatsd. Sisa'cx 

- azsle (e.g. rzacix, votes) rehisd. 

n. P R O - r r MANAGE 

( . . , 

S=acars 
Dacs 

lae cusa: w%3 ccaac^i 

_ was aoc eoc^cKci. 
Siza=zir= 

Dae 

m QC MANAGES 

Adfidccai f e l l o w ^ 
_ u sss=ssary. 
ii sec sezzisxr/. 

Sizzarzr: 
Dzcs 

COMMENTS 

' 
- U L d % uaocuad wich , :ogle week orccr. 

1 TO USE: A!w 3 / S miu«c ev=ryuc: mvaiid dzu ! S subeuusd Co Ehu M a i - s — a t 

»d «y umc a p:cb!=3 c^oc be i=,=d:=^ly isolates «d csrrcczd 1 

J 0 ' ^ T 3 ~ = ' >\r n. _ • . . j 
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5.4 Preparation of Standards 

A calibration standard is made by tne appropriate dilution of a pure substance me 
pur.ry of wiucn is traceable to an acoroved (e.s„ MST or ecuv^'-no 

v - . — 

Because of tne high scnsitivir/ of many analytical mstruments, me caTb—'o-
standard is an extremely dilute version of the pure compound. Because of the hizh 
dilution required, in order to be within me linear range of the instrument, 
preparation of the calibration standard is frequency made by serial #ution rathlr 
than in a single step. In order to provide standard solutions at sufficiently low 
concentration, a miniscule amount of the pure substance will be required, the 
measurement of which is subject to extreme error. Thus, it is preferable to deal with 
potential dilution errors, rather than with the large error associated with the 
measurement of a very small amount of the pure substance. 

Tne initial pure standard is obtained either as a pure material or already in solution 
prepared as a certified solution of a given concentration of the pure compound or 
compounds. In preparing the stock solution of the calibration standard, great care 
must be exercised in measuring weights and volumes as accurately as possible since 
all the analyses following the calibration will be based on the accuracy of the 
calibration, and the accuracy of the ultimate data cannot be any better than that of 
die calibration curve. Table 5-1 summarizes the valid lifetime of primary and 
secondary standards used in many tests. These lifetimes should be taken as a guide 
only. It is the analyst's responsibility to assure that all standards used by him are 
within the standard solution holding time, and to prepare-fresh standard solutions 
wnenever necessary. In preparing working solutions, or using working solutions, the 
analyst must check for signs of deterioration, such as the formation of cloudiness, 
precipitation, or discoloration. The standard must also be periodically compared 
with previous runs of standards, and with independendy prepared standards m 
assure that response factors fall within an historically accepted rai m ? » 

*xs.:a*. am 



TABLE 5-1 

STANDARDS AND SOLUTION'S HOLDING TIMES 

xOLDrxr; TT\r-

MATERIAL 
PURE 

COMPOUND 

STOCK 

SOLUTION 

WORKING 

S O L U T I O N 

Volatile organic cocapoiinds 
for GC or GC/MS analysis 

1 Yr (S -10*C 
i 

2 Mo @ -ICC I wlc @ . i c e 

ScsiivoUdlc organic corapouads 
for GC or GC/MS analysis 1 Yr @ i'C 1 Yr @ 4*C 6 Mo @ -10*C 

Ssrnivclacile organic compounds 
for KPLC analysis 1 Yr <S 4'C 1 Yr @ 4*C 6 Mo @ 4*C 

Pesticides (CI ?, N.) and 
herbicides 1 Yr @ 4*C 1 Yr @ 4'C 6 Mo @ -10'C 

PoIychJoriaaisd dicodas and 
furans 1 Yr @ i'C 1 Yr @ 4'C 6 Mo @ 4'C 

Metals for IC? analysis Indef @ RT 1 Yr @ RT 6 Mo @ RT 

Metals for GFAA analysis Indef @RT 1 Yr @ RT - 6 Mo @ RT 

Mercury Indef @RT • 6 Mo'@ RT , 1D@ RT 

Hexavalcnt chromium Indef @ RT _ 1 Yr @ RT _lYr@RTl 

For anions and other parameters, the holding rimes of standard solutions should be 
cheeked in the appropriate method. 

•All standards and standard solutions of organic compounds will be maintained in 
glzss containers, protected from light, and stored under the conditions specified in 
the particular method. The position of the meniscus in each container wul be 
marked after each time that the container is opened so that changes due to 
evaporation can be detected. 

*"C13*. <a/V3 



Meek workmg solutions anc stcci< solunons will be kept m polyethylene container 
at room temperature. The posmon of tne =itzlscvs *-Jl be marked *=ch cm-" 
solution is used to inr,re that concenzadon chanzes due to evaoon^- - ! 
oetecte± Before usmg any stancara soiucon. the analyst *ul e.;ami as i ; tor sizns oi 

L"" C ° b : - B ? " * t a a « i a S 0 C ^ = d ' ^ «k=c= ^ be 
oscaroed aud 2 ae« smudard preyed. Dscoioraaou frecuer.clv is ouiv a 

^ ° U ! " * ^ L' » Wbdbc is discolored, the aaalvs: »-£ 
compare me result wim bis;orica!!y esmbushed response fac.ors, :o assure i .« ab
solution , soil »1min me operauhg range of me method, and within CTerimen-J 
error or its original concentration 

^P»para t ionofs tandards i svery exacting. Tofadutatetheouerationof 
preparing smndards, a separate area is set in the laboratory equiooed with a small 
hood and analytical balance. A freezer in me same room is used to store all primary 
standards and no other samples or extracts. In this fashion, the contamination of 
stancaros by samples, and vice versa, is minimized. 

For each stock standard solution that is prepared, accurate records will be kept in a 
special logbook used only the maintenance of standards data. The followin* 
formation will be entered in tbe logbook at the time of stock standard 
preparation: 

a- Date of preparation and expiration date - -

b. Application for which the standard is being prepared (Le., 
identification.of the method) 

c 

c. 

For each compound, me supplier of me primary samdard, me batch 
number, and me amount taken 

Tne solvent identification (compound, supplier, batch number) 

«• The final volume of the stock standard 

*nja«.a/n 
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t Tbe identification cumber assigned to the stock standard preparation 

g. The came of me analyst preparing the standard 

A sample logbook page is shown in Fig,jre <-3, however, Grouo Leade-m=v use 
another format as long as the listed information is recorded. 

In preparing the diluted working standards, it is the analysf s resoonsioilirv to mak-
sure that the stock standard is of valid vintage. The preparation of all working 
standardsis also recordedin±e logbook. Thefouowmginformationisrecord-din 
tne logoook: 

a. Date of preparation and expiration date 

b. Identification number of the stock standard solution 

, c Volume of stock standard solution taken 

d. Final volume of the diluted standard solution 

e. Concentration of each parameter in the diluted standard •" : 

I Identification number for the diluted standard 

g. Name of the analyst preparing the diluted standards 

All stock and working standard solutions will be labelled with ID numbe-
composition and concentration, date of preparation, initials of the resoonsible 
mdmdual andexpirationdat, Themnumberassignedmthelogbookbusedfor 
l^bellmg. Ic consist on logbook number, cage number, and item or Ime 
i euoaer (e.g., 1 - 2 - 3 is the ID number assigned to the solution found in logbook 1 
°n page 2 as item 3). = 

5-7 



STANDARD PREPARATION LOG 



i M wQficng stascarcs for organic analysis will be score: is a freezer m me work 
area. No other samples or extracts wfil be stored in the same freezer. The workmg 
stancards for metalsjill be stored in the work area in a cabinet or shelf cestznated 
for standards only, icese do not need to be refrigerated. Per other oarameters, the 
tricing standards wnl be maintamed m e:mer a refrigerator or T'room 
cempcramre in the work area on specifically designated cabinets or shelves where 
no other materials are bem<? stored. 

^Z_3 Determination of Detection and Quantitation Limits 

For many projects, knowledge of detection limits is essential in order to be able to 
bracket analytical results mat are obtained. Several such limits exist, and different 
experts define these limits dmerendy. For this reason the definition and 
determination used by CHESTER LabNet is given below. 

5.5.1 Instrument Detection Limit 

In simple terms, the instrument detection limit is the smallest quantity of material 
tiiat the instrument can detect. I : has been defined in the past as a certain value of 
the signal-to-noise ratio. Many modern instruments, however, are designed to self 
compensate for noise, so that the measurement of the signal-to-noise ratio is not.a 
simple matter. --- z: -

For the purpose of work at CHESTER LabNet, the instrument detection limit is 
defined as three times the standard deviation from the mean of seven replicate 
measurements of a low concentration standard that produces a definite, measurable 
signaL The signal may be an area count, a peak height, an absorbance reading or 
elecmc measures (such as voltage, current, resistance). The nature of the signal is 
cmtated by the instrument and detector mat are used. The instrument detection 

*T3is«. *am 5-8 



Lro:: is calculated froa the follow:.-.? ecuasoa 

Where: LDL = 

RF 

LDL — 

ms-ument ceteceou limit, h wetsh: units (c= m-) for 
•-nose parameters where the signal deoends on 'an 
aosomxe cuanuty (such as chromatozraohic methods) 
ana m concentration units for those oarameters that are 
concentration dependent 

Standard deviation of the seven replicate readings in 
units of the reading (Le., area count, peak height, etc-) 

Response factor, in units of signal reading/unit weight, 
°^^oncentration,_depending upon the units used "for 

In order for the results to be useful, the standard chosen to obtain the detection 
limit should be such that the mean of its readings is slightly greater than 3S. This 
may require some trial and error initially when a new instrument is installed. 

Records of the instrument detection limit determination will be kept in the 
instrument log, and the values of the instrument detection limit will be updated in 
tne working SOP's at each time that the instrument detection limits are determined. 

532 Method Detection Limit 

The method detection limit is obtained in a" manner very similar to that of the 
instrument detection limit. The principal difference is that in determine the 
method detection limit (MDL), the analytes "are subjected to the entire analytical' 
protocol for the specific method that is being employed. Ideally, the method 
detection limit should be determined for every matrix that is being analyzed. 
Unfortunately, obtaining reproducible, well characterized matrices for media other 
aan water is not yet feasible. Hence, method detection limits will be deterrnined 
tor water only. 

* B - 3 6 . a / n 5-9 



To determine the method detection Lmit, seven replicates of laboratory pure wa:e 
are each spiked with a known amount of the analyze. The amount that is bemg 
added is the same for ail seven replicates, and should be 2 - 5 dmes greater than the 
previously determined insmument cetecdon limit. The seven" replicates are 
subjected to the same analytical procedures as a sample would be, and the 
concentrations of the analytes of interest are measured. The method'detection 
limit, as was the instrument detection limit, is defined as three times the standard 
deviation of the seven readings. The calculation of the method detection limit 
should, be done in units of weight of the analyte. In mis fashion, such variables as' 
injection " volume in chromatographic techniques or pathlengm in 
spectrophotometry techniques are eliminated. 

Tne equations that apply to the calculations of method detection limits are identical 
to those used for the instrument detection limit. 

3 5m 

Where: MDL = 

MDL 
Hr 

Method detection limit, in units of weight (ng,u?) for 
those methods that depend upon an absolute quantity, 
and in concentration units "for those methods that 
depend upon concentration. 

sra = The standard deviation of the seven readinzs from the 
mean, in units of signal size (area, height, etc") 

- The response factor of the instrument to the analyte, in 
units of signal size/unit weight or concentration* 
depending upon the MDL units. 

The method detection limit will be determined for all analytes associated with the 
method on an annual basis. 

A method detection limit study will also be performed whenever the instrument 
undergoes major repair or modification, if the measurement of the instrument 
detection limit shows a significant departure from the previously determined 
instrument detection limit. If the instrument detection limit has remained 

'•"ujsa.nro 5-10 



substantially c a c h e d after me repaur or the modincation. mere ^ ^ :==x ^ run 
the method detection Limit asaiu 

Additionally, a method oetection limit study must be pcrformec Geneve-
sample preparation mode is modified. 

5.5.3 Quantitation Limits 

The ?uandmuon W , is determined a, the » = e nme as the method d e t e c t limit 
and nam the same runs. The quantitation limit (QL) is denned as Sve times the 
standard deviation mat has been measured in determining the method detection 
hmiL Thus: 

QL = 
Rf 

where the symbols have the same meaning as above. 

53.4 Conversion of Detection Limits to Minimum Detectable 
Concentration 

Hi= conversion of tbe detection limit (MDL and QL) to a minimum detectable 
concentration in a sample is done.as follows: 

DLS . « _____ % 
" % .. s 

Wn-re. DLS = Detection limit in sample in units of wekht per unit 
we:gnt or per unit volume. 3 

° L = Either the MDL or the QL as defined in the orcc-din* 
secnons. * " = 

v i Volume of prepared sample taken for analysis (such as 
tfle volume of extract injected into a GC), in ml_ 

1 - C . _ M . i O - j 
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VJ - i-r-2 volume or die prepared sample (such as me anal 
volume of an exzacc), in a L 

S - i_s sample size char was cake: to oroduce ch- crarjar-^ 
fa-?'* of volume V;. Sample size 'is normaiiv measured 
m liters tor acueoui samtnes and in zrams crv w-ichr 
ror solid samples. ' ' ' - ^ 

5.5.5 Documentation of Detection Limits 

Whenever i n d e n t detection limits, method detection limits, and Quantitation 

limits are determined, the results will be copied to the QA/QC Section, 'ihe results 

must identify the type of detection limits and include both the value in t-rms of 

weight (absolute quantity) and concenmatioc In reportmg the concentration* umts, 
standard sample sizes and aiiquots will be reported. 

5,5.5 Application of Limits in Data Reporting 

In reporting data, the following rules pertaming to detection limits shall apply: 

a. Results which are equal to or greater than the value of DLS that has 
been calculated on the basis of QL will be reported with the 
concentrations found, without any qualifiers. •-

b. Results below the value of DLS, calculated on the basis of the MDL, 
w_l be reported as not detected at the DLS value. 

Exceptions to these rules will be appb'ed only for contracts and projects which 
specify their detection limits, and whose detection limits exceed the value of QL 
Also, exceptions w_l be appb'ed when a prepared sample requires very high dilution 
n order to have the analyte of the highest concentration within the linear range of 
the method. 
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5.6 Instrument and Equipment Cali 
oration 

acceptable. = ''-4- t— 2-r- va_id anc 

S r ^ r ^ . —, 

SH==5=S£g 
5.5.1 Initial Calibration 

•tits 
» a s 
2= *. „ C0Epk[ed, lhe ̂  ^ a t ; d (o t ̂  ^ of ^ 

y s ax - b 

. a —j 
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Whi 
J. r.s measured resooaŝ  

c_o~~ amount of the anaivte 

i m response tactor 

° ~ ine y-mcercept 

In addition to^deterhiirnng me values of a and b, the correlation coefficient i , 
ceterrnmed. ine latter is a measure of how closely me five points were to the 
straight line. In order for the calibration, curve, to be valid, the correlation 
coemcent must be 0.995 or higher, and me ratio b/a must be no greater than the 
method detection limit (MDL). If the correlation coefficient is not met, it usually 
implies that either the lowest or the highest concentration of standard is outside the 
iinear range. To correct for this, the analyst should rerun the highest standard, and 
also run a high standard somewhat more dilute than the initially used highest 
concentration. Similarly, the analyst should examine the effect of increasing siightiy 
the concentration of the lowest standard. 

If the ratio b/a criterion is not met, the problem may be with contamination in the 
system or change in the noise level of the instrument. To correct for this, "me" 
mstrument detection limit should be first checked. If it has in fact changed, the ratio 
should be compared to the newly determined noise level, in order to see if the 
criterion is met. 

While, as much as possible, certified -standards are used in the preparation of 
solutions for calibration, it is always possible that the manufacturer has made a 
mistake. To circumvent the possibility of error due to a mistake in me 
manufactured primary standard, a calibration check samole will be analyz-H 
wnenever an initial calibration curve is constructed. The calibration check samole" 
*W consist oi a solution of the analytes of interest, and at known concentration, but 
ootamed and prepared by a different source than the manufacturer of the 
calioration standards. When the analyte concentrations in the check sample are 
calculated, they should differ by no more than 15% from the known concentration. 
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If the ai5-=p__cy ^ g r e a t e r , c, : , -^2Zoc cf die source of inaccur^c/ 
wul be performed. 

Once me ininai cciforaica curve has bee: determined and ve-m-' - ~ v ; 
prepared with me response factors for ail me analytes. Tee mole a l s o l n - ' „ Z " ^ 
ieentmcattou of ail me boards used m generating me cam. and t h e ' ^ f 
rurmmg me mma! caiibrauon. A copy of me calibration cu.-,e is mamram- i n " - . 
«ori area for ready reference on a daiiy basis and is available for review"bv 
Q ? /QC Secnon. Anomer copy will be submitted with the sample dam to th-
laiorrnanon Services Section.. ' 

5.63. Continuing Calibration 

Continumgcanorations, sometimes also cailed verifcanoncai to^^ serve to 
csure mat me instrument, during the course of mnning samoies, is r e r - , , ^ 
sumaently stable so that the response factor calculated in me'irutiai ca,'or,tion 
remains valid. -

In performing a continuing calToration, the analyst analyzes a midrange standard 

contammg ail ±e analytes of interest and internal standards and surrogate 

compounds if applicable. The response factor is determined for each anaivtJ by 

mvidmg the signal by the known concentration of the analyte. If the response kaor 

is su^aently representative of the originally determined resoonse factor as 

spewed by the acceptance criteria for the relevant me±o^ 

c o ^ Analysis-may contmuewi^outperforrrnng me 

C l t ™ " ^ " ^ ^-:e response facor is determined t l be 

^ ^ " ^ ^ ' ^ - — w i l l be recaiiorated using ±e 

L-ualcaiioranon process. Samples ±at have been analvzed sine- ±e las-

= ^ 

"cording the information on continuing calibrations, the analyst will ert-r th-

•dentmcanon of the initial caiforation to which the continuing calibration relates" 

* ~ : = * . C 3 — 3 
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TA£L£ 5-2 
CALIBRATION'S FS£QL t.\CIES 

rvsT^r^frvr 

GC/MS 

GC/MS 

GC 

GC 

APPLfCATTnv 

K?LC 

IC 

AutoaaaJyzrr 

>'ci__i_s 

Voia_it_ by 
Purjs. 

as d-Trap 

Esmca 

Soiudcas 

Soicdcas 

INITIAL 
CALIBRATION-

As Nssdsd 

Sc=i-Voiac__s AS Stzdzd 

Every 
Wades 

Every Three 
Ws-Jr_ 

Every Four 
Week. 

Every Three 
Pays 

Daily 

CONTUSXTN'G 
CALIBRATTnv 

Every r*=ive tours aad a: t_= cad 
ct a -aspic secueaca, if che 
^ ' ^ = - ' z t is about to be idle. 

Ever/ rwsivc tours aad ac the ead 
oi a aapie seaue.ce, if tie 
tastruracac is abouc to be idle 

After ever/ tea samples, aad ac 
t-= ead of a saapie s=que_c_. 

After every tea Maples, aad ac 
the end of a saapic wcueace. 

After every tea saapies. and ar 
tie ead of a saapie scqueaca. 

After every tea saaoies, aad ac 
-he ead of a saapie sequeaca. -

After every tea saaoics, aad ac 
Che cad of a sample seq _taca. 



TABLE 
C A L I B R A T I O N S F R E Q U E V C I Z S 

(CONTl.YUZD) 

,rV?TRr;ME>T 

IC? 

AA 

Mercury AaaJyzar 

TOCAcaJyzsr 

TOX Aaaiyzar 

m 

U V / V B 

Specrrophoto-
a : « : 

?K Meter 

Analytical 
3aia_c_ 

i serzsoceters 

\ V 0 LJC.X~nK 

Digests 

Digests 

Digests 

Solutions 

Solutions 

Solutions for 
O&G orTPK 

Solutions 

Aqueous 
Solutions 

Soiics 

Teaseratu.-: 

INITIAL 
CALI3R.ATTOV 

Da_v 

Daily 

Daily 

Daily 

Da_y 

Daily 

Mcntaiy 

Daily 1 

Annual 2 

CONTINUING 
CJ4I3RATT£2V 

Auer every ten saacies, and a; 
^ - s== of a saapie sequence. 

After ever/ tea samples, and ax 
us end of a saapie sequence. 

After every ten samples, aad ar 
C-e cad of a saapie sequeace. " 

After every tea samoies, aad at 
tic cad of a saapie sequeace. 

After every tea samples, and at 
tie ead of a sample sequence. 

Ever/ =:= maples, and at the end 
of a saapie sequence. 

Every tea samples, and at the 
end of a sample sequeace. 

Every tea samples, and at the 
cad of a sample sequeace. 

_ .. ? 
Dauv 

Semi-Annual Not Applicable 

i ) 

2) 

pH eaSbndoa wjfl require tie use of tfcrss suadarcs. 

^ S B i W ^ S S 
2SS5S35S!SStt"™^«----* 

* i 3 : s » . j i r t i 
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:.7 Mcniionag Labcrator/ Reag-at Ware: 

AnalysisofQualityControISampIes 

2.3.1 Blanks 

#m#m= 
3.8.1.1 Reagent Blank 

#*m#: . am 
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samples of me QC batch cave been anaivzed. Ac ma: :ci: . ; i : m- —mod -b-:< 
* » ^ " ••• ^- » — W ^ W 1 - - . v i . 

was acrepmbie, me reagent blank cay be discarded. 

5-3.1-2 Method Blank 

The ==:hod blank i s a p r e p ^ 

ue reagent do not come in contact with a sample. Rather, laboratory re—n' 
water is used in Hen of a real sample. Ideally, the method blank would be prepared" 
using a matrix that is similar to the matrix of me samples mat are being prepared 
Since a reference matrix is not available for matrices other than water, water'is the 
only matrix used as a method blank. 

In preparing the method blank, water is spiked with surrogates and internal 
standards, if appropriate for the method, and the water sample is carried through 
the entire analytical procedure. The method blank is prepared with every batch of" 
samples that is being prepared at the same time, provided the batch is no greater" 
than twenty samples. For batches of greater than twenty samples, a method blank 
will be prepared for every sub-batch of twenty samples or pan thereon The 
preparation lot will then indicate which samples are associated with the new lot 
niiniDer of reagents. 

Tne method blank is analyzed before any samples are analyzed, and the data of | e 
analysis are reviewed. If no analytes are found above the quantitation limit, 
analyses of the prepared samples may be undertaken. 

If analyte concentrations are found above the quantitation limit, analyses of the 
associated samples will not be undertaken' until the contarnination source is 
icennned and isolated. At this stage the reagent blank will be analyzed. If it is 
found that the reagent blank shows the contarnination, the samples will be 
"prepared using a new lot of reagents. 

* 1 : J Z 5 » . CJ.TJ 
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Spiked Blank 

Tne spiked blank, or laboratory control sample, serves as a measure of accuracy c 
me anai'.m'cai oroced'"-= •'- --.» i~u„„„ — *"**" ' 

. . L_ uioc—_ _ Looramr/. ir.e spucee oianx is creoared bv atitim 

prescnoec amounu of specmc anal^es to laboratory reagent , 

preparanonofme,a:erforana]ysis. Formorgamcparame^aso^edbi^, 
tor earn oatch of r.enty or fewer samples ma: are o 

erne. Water is spixed for cermin analytes of inters for me inorganic parameter^ 

For oi^anic parameters, aspiked blank is prepared for every batch of^Osamol-s 
^usubjectedtosamplepreparatior, ThespikecontainsonlvselectJdanalvt^ 
wmcn are specified m ±e pertinent me±ods of analysis b the S=rdard OoeranJ, 
Procedures. * = 

Preparation of me s p i K z g r ^ ^ 

standard soluaons for caimrador, T h e s p i k m g r n i x m r e k ^ 
iaentn)mg code, winch is recorded at the time of preparing the spiked blank 

The spiked blank is carried through the entire analytical procedure and m-

concentrations of the spiked analytes determined. These values are accumula-d bv" 

QA/QC Secnon to update acceptance criteria and to validate data. Tbe soik-d 

blank rorms the backbone of the determination of the reproducibility of data in" '^ 

.zborarory, since it is based on a weu-characterized matrix (water) and is desired 

[obeessenuaHyfreeofmatrixeffecis. IftbespikedbIanl<doesnotmeetescibIiIhed 

accept^ce catena, me requirements of the analyucalme±od will be relied ucon to 

^ ™ e w ^ ^ ^ fawn; acceptance criteria wOI be reprepare"d and 

S^J Spiked Sample 

Spfcd Sampl« serve to confirm that the sampie earn, is casing certain effect, 

Z 7 r • 10 : : C 0 V e r "*«" ™* m«kd. Tfe* ^ spiked sample a wed only to determine matrix effects. 

"ti-iz* am 
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One sample per batch of rwenr/ or fewer samoles. of me same aoc'ar—t r--— u/n 
• . " " • * • > * ™ 

be spiked with a spikmg solution m me same manner as the spiked blank. Tne 
spiked sample will be processed through me enure analytical scneme. and the 
t " a / " ^ t • a • »^ " » .a f ? * , 

oi u_e sp_\ec <ma.yies win be ceterrmreo. 

In utinmng sp&ed sample information, great care should be taken because 
deviations from acceptability may be due either to procedure or to matrix effects 
Generally, if the spiked blank associated with the batch exhibits acceptable 
recoveries, it can be assumed that the sample preparation and analysis have been 
performed correctly. 

Smce sample spiking is performed before the sample is initially analyzed, it is 
possible that for some parameters the analyte level in me sample is so high that the 
spiked amount is msignincani Under those circumstances, the analyte spike 
recovery will be meaningless and need not be calculated. 

In selecting a sample for spiking, every effort will be made to choose a field sample, 
and not one of the field or trip blanks. This can be accomplished only if the identity 
of the field and trip blanks is known in advance. If those samples are submitted 
entirely as blind samples, then the selection of the sample to be spiked will be 
random. 

S.S.4 Sample Duplicate 

timer sample or spiked sample duplicates are run to zsstss precision of the 
laboratory work One in a batch of 20 or fewer samples of the same matrix will be 
prepared and analyzed as a sample or spiked sample duplicate. 

The precision exhibited by the analyses of sample or spiked sample duolicates may 

vary due to the effect of the matrix on the analyses. If that is the case] ±e related 

batch samples will not be reanalyzed unless the approved method calls for such 
action. 

"turn am 5 - 22 



Externa] Quaiiry Control Audit 

.An external quaiiry concol audit will be performed oeriodicallv bv sub—.c -n-

anaiyah Nonstandard maters momasourc^ mat mom wh%'tne" 

caboran^^darcsareprepared. These qua.* control audi: samples ^ be 
suomitted lor analysis by me QA/QC Section, and they will be analyzed by th* same 
procedures as are used for the analyses of samples. 

The external quality control audit will be performed^ a_cuarjJy basis If the
i r : projects m the laboratory which have these audit lamoles submit-' bv the 
project, and where the results are made known to the laboratory, then th- QA/QC 
Section will not submit the external quality control audit samoles for these 
parameters wnich are included in project audit samples. 

S.S.6 Record Keeping on Analysis of QC Samples 

The results of the analyses of the QC samples may pertain to more than one project, 
since me sample preparation area batches samples from potentially sever*'sourc-s 
co provide for emcient operation. Hence, the retrieval of the QC data may be 
necessary for severddifTerent projects. TheQC data is identinedbv me batchinc 
^ c a n o n provided upon±e preparation Hence, me retrieval or 
^ G^can be reaculy achieved by identification of me p 

For every batch of samples, the identiacation of the batch will be entered at th-

prep^aaoytage on me a p p r o p r i a t e d Sumcient number of cooies of the" 

^^bemacetomewi'm=venrprojecta,soc:a:eo r^r-sults 

^ w J ^ ° ' " ^ ^ ^ ' ^ ' 
and AiU be retnevecmrough the batch number system whenever it is necessary to 

* n j a * . a / ^ 
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ia= QC approval of an analyse batch will be based on die accep t - of QC 

samplejassodated with the batch. Once me QC samples are d e - ^ ' % be 

^tbir. acceptable iirafy, the eatme batch cf samples will be releas-' ag' ^ 

^ c a l d a ^ for each s a ^ p l e ^ b e r e ^ 

SS Use of Surrogates 

measurmg recovery against a h i s t o r y established acceptance r j e m'the 

Surrogates are compounds that are expected to behave analytical* in a matm-r 
smular to the target at*iytes. Toe surrogates are added into the samoie before the 
preparanon stage ts undated, and their recovery is a measure of the efficiency of the 
cuacnoa Tne folio^ng surrogates have been used at CHESTER LabNet andar-
recommended tor use in the approved methodology. 

* t J U 3 » . c a ^ 
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TA2L£ 50 

SURROGATE COMPOUNDS AND TYPICAL RECOVERIES 

5 ? i V^TT-op 

501/5OI/3OI0 

502/602/3025 

604/8040 

605/8050 

606/8060 

608/8080 

609/8090 

610/S310 

611/8110 

612/8120 

615/8150 

QOMVoirsTi 
BrcnocaJoroseiiane 
2-Srocio-l-ciloroprocaris 
1.4-DicbJoroouiaas 

Besrocifiuoridc 

2-nucropaeaoI 
2,4,6-TribroEophcaol 

1-N'apithylaraiac 

Diburyfcnioresdaic 

Dtburyfcaiorsadars 
2,«fJ,6-Tca-achJoro-m-r/Ic2e 

2-FIuorobiphcayf 

3c3zo(e)pjreae 
2-Fiuorofatpoeayi 

Isodria 

D&uryicaiorcadac: 

2,4-DB 

R E C O V W J V P ^ M ^ 

70-120 
70-120 
70-120 

80-120 

21 - 100 
10-123 

10-94 

24 -

24- 154 
25- 125 

43 -116 

, 15-113 
40-116 

33-141 

24-154 

40-140 

™ GC/MS. sawW EPA ! n i 7 0 g a K a a ? c a s i s ^ fcr ^ 

S.10 Establishment of Acceptance Criteria 

E # = = = 3 = = 
— ~ - r - r ; : ^ : . - = 

^ ^ 3 * . c m 
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I T ' ^ o f r = 1 S" : « ^ *± *s ̂  c ; t„..5. 
- a concetttrattori o: approbate!;, m a the cca=:tattcc hmii \v>l ' 

— - — — ^ziz: 
^vunon or me mean from the ko . z soOted a=c=: is a ^ ' " 7 * 
cc me method. The standard deviation of the series o f m e a Z Z ^ ! 
o. cse-precsion of the method. u 2 °easurs 

The percent recovery is caicdated as follows; 

R = . C a * C l 

Where; R = 
* recovery of the anaiyte. 

Cs 

On 
Cl 

Tne measured concentration of ae analyte 

(cT * " *» - p " 
*-s - The amount o f 1 B a i y t e sp&cd into tie sample 

• P i i 
ssesmm . Q y r j 
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^ " " S ^ r r ^ ^ t ^ " - -
sbodd ttot be e d i t e d , an-. 6: ' ^ c - - z i r / b I ' ^ r " 3 v " ' 
^ t t o = ^ ^ r ^ : r a = ^ ; \ ? ! , ; r ; : — « -

Tie acceptable pt:6:cn ,-ar.ge a defas u a si-iar tr=-- .- , • 
3eas-i-e of tie deviate £ - o a & ^ „ r ^ T Z j ^ ' ^ J * 

performed h duplicate. ** m a a s ^ = e n t s are 

Tuereiadveperceatde,dadonisdete^ 

= 100 x -̂ ^ * ^ 
A 

m 
waere: Y, _ W t . . , . 

: ™ga value for the analyte 
x 2 = Low value for the analyte 

*m = mean value for the analvte = i ^ i l ^ . 

i t f s s s 
•stifli 83/71 

5-27 



^ ^ ^ m ^ ^ ^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ p ^ ^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ . ^ m 



• i . l l Development of New or Modified Methods 

There are occasions ,hen it ts necessary in the laboratory _ . . 

~B~^^Si 
- " i n " l z ' l - T 15 frsoxisTtlv th- r-s-,.;. . 

fgmm: 
* U - ^ . a / T 3 
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6.0 DATA HANDLING 

me data precise :y v^cus groups of . 

procuc:wtic=oeiaoora:or/o=er. Hence, not o m y . : : , ^ ^ % : 

= K = s = : = i : s 

szesmsas; 
^ssssxizssssiii 

W ™ l a 3 0 r a ; ° ^ * = of mis, record keening in me 
*TT*.""°S K a r e a 4 i « kHowed by a brief discussiorof i~ 
recucnon, dam validation, cam review and release, and reporrmg. 

6.1 Dam Recording 
Toe modes of mamraining dam m me various groups * differ with me memoes of 
^ysts . Ce.-rmu aspects of record keeping nave been, addressed in tie:s=cuou 
permmmg to me sample log in and diminution of me infonnanon-throush me 
laboratory. Tne traveller and me sample transfer forms constitute the Erst s"te= in 
" gcueranon of data for any set of samples. Samples in the laboratory, however, 
£ ™ m b a t " = S - °= * 1 » 2 = y ^nsnmte just a oortion of the 
^ T 0 1 S 2 ° F ' e S fe t i s i 0 b ' F o r ^ # . * batch may consist orsamoles 
. m ŝeveral f i l e r s handled together.' Thus, the maintenance or records inme 
Iaoora.ory must also provide for cross-referencing batches and travellers. 

6.L1 Notebooks 

Cermm records are retained in notebooks by the analysts. These records mav 

pertam to methods that are entirely manual such as many of the memoes in wc't 

= = = ^ y , or they may be used to record unusual observations durin. the 

pcrormance of preparation and analyses of instrumental techniques. These 
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"zczaoie. 
pe._zz2z: recorc o: Ubc~:cry work. 

zzc cz; :y =us: :e 

S 0 i m C C z ; : = 3 v , ; = ^ 

b y ± e Q A / Q C ^ a z The Q A / Q C s e c = o = ^ ^ e . J Z r " " ^ ^ " 
ua is own notebook log ±5 Q r- ; c . . ' anc re cor' u ; i i o c i . . . . . — c - laboratory se~>- - • 
= ^ O O < n a S 0 e e n ^ e d . % ^ , ^ ^ 

i= me anaiyticai section for permanent arcniving. ^ " ^ = ^ ^ -

Users of me notebooks ^ mainmin good iaborator/ cracks in tn_'. 

l i p i i s l l 
6.12 Record Keeping in Sample Preparation 

S ^ s s ^ r s -

The foUcwog ^formation arts; be entered: 

" ' " - C i ± ; » = ? ' « « Prepared the 

0. 
ice dare of preparation, and me name of me preparer 

c- i ce QC batch identification 

^xi-rr.a/?: 
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^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 1 ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

mriuomgum^ ^ ^ ^ —̂ ^ quanti^ 

^ ^ ^ ^ ^ ^ ^ ^ ^ D D 

^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ o f ^ ^ ^ ^ 

^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ D ^ 

^ ^ . ^ m 
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Cnsa Numbor (CLP only) 

SDG Numbor (CLP only) 

Work Ordor 
Numbor 

FIGURE G-2 

AQUEOUS SAMPLE MC1ALS DIGESTION 

Onto of DlQosilon 

Tlmo of Dlfjosilon 

Pft(jo H 

Toclmlclrtn 
> 

DiQObllon for (ICP/GTAA), 



6 ' 1 J RKord Keeping for Instrument Analysis 

Many ins era 

For every technique, however, a run log must be mainmin.m Tn, -

^rmanonmustbeenteredmmerunlogby^eanaiysc ^ %cetodo*mg 

a. Identmcanon of ±e analysis (usually this . i l l be the beading of the 

b. Identification of the instrument 

c Date of analysis, and identification of the analyst 

d. Identification of the QC batch 

;mimmm:# 
L Abquot ot prepared sample that is taken for analysis, mcludin' units 

• mmssmm" 
|S=~HSS5= 

* C i 3 7 . C 0 > T j 



Before _ansf:rrmg the dam funic- me auaivs: must coum— -.<-;- ._. 

j " ' ' C = = ' F ^ c ^ E ^= results are = c = , : : ; i a " ^ 
uae « = « u once, enter cor— manually, and mtna! and da- c -
caaug=._ u d a = s fa ^ ^ , ^ ~ -

.area a: samp.es. mcmdmg tie of me dam. he wui imnal me rem U>. Z 
L-anaer me m: log with me dam co me Group Leader. ° — 

Tne Group Leader WE review me run log :o verify ma: the samcie seoue-c- ^ 
oeeu property flowed as recuired by the speumc method. Next, the Grouo Z £ ' 
•«u cnec, me QC dam pertaining to the batch and verify that the iusmum- ^ 
p=..orrmug ™hm the required specif cations. Tne Group Leader also reviews anv 
ouuuons to make sure that they are appropriate, assures that calculations ^ 
accurate, and verifies mat reporting units are proper. Tne QA/QC Section wu! soot 
caectc dam and provide guidance for dam validation to the Group Leader. 

Wh« me Group Leader is satisfied that the dam are valid (see Section S3, Dam 
Vannanon), ne wffi initia! the run log and date it. He will have as many cooies 
mace or me ran log as there are jobs represented in the batch that has be-
auaiyneo. He will men transfer the sample cam to Informarion Services To'.^e" 
wvm me data, the Group Leader wu! transfer the copies of the records from the 
preparation group to the Informarion Services Secn'on. Tne oris-ma! run lo» will be 
mamramed n the rues and records of the section responsible for the analysis" 

/ 

For m t̂rument memoes which do no: produce the (descrying code of the run on che 
pc-ancu: records, for example, methods ±2: employ a strin chart as ± -
ms.umental output, the inm'vidual maces . i l l be identified manuallv bv the nm 

=^zzr"——---— 

* B ^ r . s , m 
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6.1.4 Record Keeping in Xanizszmsaea: Analyses 

^ cam con: rnese anises ^ be kep: c permanendy bound, ; 
pagmarec notebooks and -i-rr ,n •--> •„ •• " " 

=:=z-MB«liBB 
noceoooks. '— - 1 - c ' ^u r 62, Data Reduction 

Redueng the raw dam t 0 a presentable form is me responsfoffitv of me aualvs: 
pertcrmmg me analysis, fc reduc-g dam. me aimlys: must m.t= M , ac-o=t 
wn.em=r me sample is aqueous or solid, me sample size, and whether or not m-d*ta 
are to oe presented in the form of wet weight or drv weight. All una! vah.-s -us-"be 
accompanied with the units of the value. Tne following eouauon anohes to me 
caioiiauon for concentration of an analyte in most analytical technicu'es emoiove-
m tae laooratorr. * • -

Where: C 

I 

RJF 

YJL. x DF 

Concentration of the analyte in the' samoie in 

Signal size, in units appropriate to the method 

response ractor is essentially a mean resoonse'factor 
aetenmned tnrouga regression of the initial caiibra-on 

w SSffSfiSSS J3STS3SS 
±en the response/actor from the run that corresoonds 
to me tmapomt or the linear range is used, Ion* as 

%5E%B^%%5t 
.— .c3/n 
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v „ 

i-e aiicict size (szee is zjeczcz zzzecr.:) c;* .••*•» 
preparec sarzpie, isJcsr. far 225_ys3. c iizis c: zL* ~~~ 

vciums, cige:; voiurce, etc) ic'iiz:^ c v 

:ccz: oi szzzciz zzkzz :c 

Aa (crv) = A, (we:) x 
100 

DF Dilution factor, ine dilution factor is 1 for <amoies th-t 
are prepared exactly as prescribed in tbe protocol. If 
tne extract or dizestate reauire dilution, ±-n ± -
di!ucon_ factor differ corn unity. For examnle^if â  
extract is ouuted rrom 1 cn. to 100 mL the dilunon 
factor becomes 100. If an extract is concentrated from 
10 mL to 1 mL the dilunon factor becomes 0.1. 

In many methods, the data reduction is computerized, alleviating the need for 
extensive manual reduction of the results. However, the analyst must review the 
data, relating it back to the fundamental measurements on which the analyses are 
cased. Thus, in chromatographic techniques, the analyst wul compare area counts 
or peaks with those of the corresponding standard, and verify that the data were in 
ract'correctly reduced. It is also the responsibility of the analyst to verify the 
identification of parameters. 

63 Dam Validation 

Data valioauon within each analytical group has been d i sced previously. It is not 
±e responsibility of the QA/QC oersonnel to check and verify ev-v vai»-
gyrated and reported by the laboratory: however, the QA/QC Section ^ 
runcnon m a reviewing capacity to assure mat the dam validation process remains 
reuaoie and is performed according to laboratory policy. 
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.esse items must be vermec curuts ±e cam vaiicatict: -recess 

a. Is me batch ccmoiete? 

b. Have all che analyses been performed holdmg t=es, and i : no: 
J e r 2 ^-P-ble expianaden for deviations fro- >^--

times? ~ ' QLC~-= 

c Is there a valid continuing calibration associated with r , ^ ^ -
u» ru-Jo id 

eaca pa. ̂ meter of me individual samples wimin me batch? -

d- Is the sample sequence proper for the method (i.e_ are there reg-'ar 
blanks nm when necessary, are there standards ran for memlds 
requiring periodic standards, are there laboratory blank spikes, matrix 
spikes, and laboratory duplicates)? 

e. If surrogates are required by the method, are recoveries within me 
control limits in the spiked blank? 

£. -Are surrogate recoveries within control limits in the samoles? 

ff 
c- Is the recovery of spiked compounds in me laboratory suiked blank 

acceptable? 

b- Is me recovery of spiked compounds in the sp&ed sample acceptable? 

i- Do duplicate analyses in the run sequence txhTak precision vvitim the 
control Limits? 

j - Is the dccuneiitation in order? 

If &e answers co all the questions above are "yes", the dam will be re'eased and 
reported. 
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if c ; answer :o zzy of me questions is negative, ccrrecrrve ^ ^ n be 
undertaken and repcrtec to me QA/QC Secnon anc me Prcect Manaz- ^ 
Corrective Action Nonce (Zigure :_?) ^ be generated and rubmi-d"r 
QA/QC Secnon by me Croup Leader, mus documentmg me so-urce of m-

' anc m reso^cc Dam Vancanon is a check of me batch for c ^ % Z 
acrurac/ancprecisior_ Ifall criteria are met, me bate is released. I f s o m - % Z 
met, me cam: may sml be released, depending upon what criteria are so: ^ ' 
wtrat is me explanation for no: meeting me crrteriz Tbere are ce-iain 
cmcurnstances when me release of me dam is not allowed regardless of tie radccal-
for me lack of accepmbuity. These are: " * 

a- Continuing caiibrarion was either not performed as required 

^ (spiked blanks) were not run or did rot — 
acceptance criteria — • 

c Dam sets are not comoiete 

Corrective action for these situations will be cheesed in Section 7.0. 

If certain aspects of the data do not meet acceptance criteria, but consultation with 
project manager or the Group Leader resulted in a decision to release the data, 

the Quality Assurance Manager wul annotate on the Corrective Action (Figure 5-2) 
the shortcomings of the data, the decision to proceed with resorting the data, and 
±e person with whom that decision had been reached. The QA Manager will then 
suotmt the torn to the Information Services Section so that the final reoort can be 
prepared. 

If the decision has been made not to release the dam, the form win be marked "DO 

NO i RELEASE DATA" and submitted to me Information Services Section. 

b addition to validating the data, it is also necessary to validate specific jobs before 

Key are released. Specifically, releasing a job consists of insuring that all reouircd 

parameters have been analyzed and are reported. The result for each parameter 

'•"J3^r. ca/n 6-9 



—-~oz _s cc~rie:e be:';:— 

resorts. 
ice QA/QC Secccn wil] only spo: cbecr ± . 

6.4 Data Compilation 

s s — 
^ * " t e = = : = - - « d ft.pr=:=d o . , 

6-5 Final Review 

^ l i i i i i i i 
— - storage for compiled jobs. 

^sr.arn 
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7.0 CORRECTIYE ACTION" 

There are mar.;/ areas of me iabcramrv fmczcas whtcn may rscmre correcrrv-
acuom ice cedsioa to ur.cerm.ce ccrreczve acnon. and me ercsum? acccc =':L7-
documented so ma: traceaomr/ can be mammmec. Tbe pcint or'orizmarm-±" 
corrective action varies, depending upon me mode of ceiectinz ma: such ac-'onl 
necessary. I : is, however, frecuentiy me role of me QA/QC Secrion to initiate such 
acrion. simpiy because it is this section which is most exposed to me malfuncnons o; 
me laboratory as ±ey refiec: upon me dam produced Those actions ma: afreet me" 
cualir/ of me dam will be recorded and me record mamtainea by me QA/QC 
Section. 

7.1 Identification of Potential Problem 

Identification of sources of problems is cot always an easy matter. It is not exoectec 
ma: me QA/QC Section wQ be able to trace the source of every problem identified. 
However, the QA/QC Section wul be responsible for informing the Section 
Manager or Group Leader and the Laboratory Director when a problem exists in a 
particular analysis. In this case, cam for that type of analysis will not be accepted 
until the problem is isolated and corrected. It will be the responsibility of the .Group 
Leader to address the identification of the source of the problem, and the 
responsibility of the Laboratory Director to assure that the Group Leader is acting 
upon the need for corrective action. 

In some situauons, the need to correct an operation is apparent to the analyst. For 
example, mstrument failures are detected by the analyst and the corrective acnon is 
taken in the form of repairing the instrument either through a service call o r us i -
Moratory personnel Such action must be recorded in the instrument maintenance" 
log and close scrutiny will be paid to the analyses just preceding the instrument 
rauure. If these analyses meet the recmrcd acceptance criteria, no further action 
wul be taken relative to that cam. 

""lira - asm 7-1 



72 Probleras and Actions 

12.1 Continuing Calibration Outside Acceptance Range 

" acceptance range, the orobiem 
_owa uc teencred by c=e a=aly= and correct before mnher sa==,e a r o c e ^ ^ 
unaerta.<em however, the acceptabiury of me continuing ca^^ 
m review at all later checks in the dam validation process. 

Tne data on all samples that have been analyzed Mowing the ^ - tim- th~ -e 
calibration was within specification will be rejected. (If data" have becZj , . 
Lzormauon Ser/ices, the QA/QC Secnon will be notified irnrnediatelv usin/m-
rorm snown m Figure 5-1) The affected samples wul be reanalyzed are- the\ew 
unnal cahoration curve has been constructed. 

Calibration Standards Exceeding the Permitted Holding Time 

If calibrations standards have been continuously used bevond their c e - m i ^ sh*'-
ki=, ihe group responsible for the analysis wOl be notified, and a C o r y e ^ Ac^on 
Nouce(r^eS_2)willbe generated. Thegroupwmmenber=^LoIelor 
^ g ^ = h o r a t i o n s t a n d a r d , , a n d - ^ 

^ m s . the new standards. If c±epre-dous runs, performed with me expired 
^ T ^ ^ ' ^ ^ ^ ^ ^ndard, the "data 

enerateawulbe considered valid, in spite of me use of an expced cahoration 
s Linear d. 

* T U = a . a / 7 j 



^ ^ ^ ^ ^ ^ ^ ^ ^ 

Wneninbo^orBb^ 

^ ^ ^ ^ ^ ^ ^ ^ 

grono^b^^ t i f i ed ^ ^ ^ ^ ^ ^ o n ^ o l e 

^ ^ ^ ^ ^ 

^ ^ ^ ^ o t i ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ 



ice cam located with the ii2zz memod blank wUI ro: be acceded ?:e samries 
:z2=2l:-zc :c produce acrepuc-e cam. 

A%,̂ SS:aS 

When cc: laborator/ conmol standard (rpu<ed blani<) does not meet me acc-ptan-
criteria, me batch of samples associated with me laborator/ control standard wm be 
rea=a:)%ea ir ceterziinative can for this as corrective action. Where as in 

many organic memods, a check sample is analyzed only for failed spiked sam^l-
components, ±cu reanalysis of me catch -wOI also be necessar/, but" only "for me* 
failed components. In methods that require me use of a laboratory control standard 
a: frequent intervals through the day, only those samples analyzed since the last 
acceptable laboratory control standard analysis wul require repeating. Dam 
ongmating from batch analyses preceding the failed QC check will be rejected 

Before repeating a whole set of preparations of samples, the calibration of the 
icsjumeut or method shall be checked If the instrument is within calibration, the 
s-̂ splss will require ^preparation. If the instrument calibration has drifted, the 
prepared samples from the initial preparation can be reanalyzed after the 
mstrument has been recalibrated 

72.6 Surrogates and Sample Spikes Exhibit Recoveries Outside the 
Acceptance limits , 

When recoveries from spiked samples are outside the acceptance limits, but th* 
Moratory sp&ed blank is within the acceptance criteria, me poor recove-y or 
ennanced apparent recovery cay be due to matrix effect. One such samole from the 
oaten win be reprcparcd andreanalyzec If che same phenomenon is obse-v-' 
wul oe assumed that the failure to meet recovery enters was, in fact, a matrix e= -
"Hus information will be mciuded in the report to the client; however, the original 
cam will be accepted. 

* T = - z y . a / T 5 



7̂ .B Control Chart ^^bitsaRe^ularTrend 

ar^ytevarBrandormy about ameanvaiue. The coutrolcharttsuseo ôaŝ ^̂ ^ 
acceptahmry of recover dam on me basis of h^^^ The coutroi chart is 

also used to warn theanal^t mat some ^onststentproblemorde^Bianouinme 
method may be occurring. 

Woennve successive pointsonthecoutrol chart formasteadypattem.either 
regularly increasing or regularly demeasm^ they imply mat some change is 

occurrmgmthe analytical scneme. Evennall me pomts are within the control 
^^awarrnngwin be issued byme QA/QC Secnon to m^ 

mvestigate me cause of the pattern. l^mfact,achange has occurredmthe method. 
andtf thechange indicates animprovement in recoveries (animprovementis 
termed as approacnmg complete recovery^hotnecessaru 
oew control chart win be established, and subsequent data wi^ 

new control chart limits. Ifachange has occurred tbat worsens the recovery,!: will 

be the re^onsibm^ofme Croup leader to assure thatareturn 
t^ed tecnnique is rnademhis section. 

Internal and T^ernal Audits and Corrective Actions 

^e r r^^ temaum^ are quarterly samples issued by m 
^ w n spiked solutions to deterrnmemeaccepmbuir^^ 

group ot the laboratory, vernal performance evaluation is eimer done tnrouzn 
contract required performance auditor though voluntary particination in 
interlaboratory studies. 

7 ^ . 1 evaluation ofSystem Audits 

Wnen me achieved results oo these auoits fall below acceptable standards, as 

denned on the basis of historical recovery data^amorou 

be mutated. The QA/QC Secrion is responsible for me initiatio 

^ ^ ^ ^ ^ 



The Erst s:ep will consist cf com-ie:;: review cf me cozecmess of ice documeccc 

cf me job anc me caicuiazons cf me results. Thus process wii be se.ricrrcec by -

personnel cf the QA/QC Sertioc When me result cf the review are ccmriete, a 

memo wtil be issues co me responsible group of me laboratory, ;:e: me 
cefcencies ma: have been iceccfec L* no cefcenries have been icenzfec, me 
curfcuiry may be -with me performance cf me analyse ze analyti-ml memcc or 
iucorrsct preparation of the audi: sample. 

72.3.2 Corrective Action and Feedback 

The group leaders wui be responsible for investigating problem areas identiced by 
the QA/QC Section. A w—zen report of the findings and corrective action taken 
will be submized to the QA/QC Section wititin one week of the begmcung of the 
Group Leader's investigation into the problem. If me source of the problem has not 
been located at this point, the QA/QC Section will issue a repeat performance 
evaluation audit sample. It will be assumed that the problem was with the original 
audit sample itself if the repeat evaluation sample is successfully analyzed within 
acceptance limits. Otherwise, the process outlined above will continue until the 
manager of the QA/QC Section determines that me problem has been corrected 
and notifies the Group Leader of the successful resolution. 

12JS3 Documentation of Corrective Action 

Ween the cause tor failed internal or external audit samples has been identified and 
corrective action implemented, the QA/QC Section will document the resolution of 
the problem in a brief report to laboratory management. The QA/QC Section will 
also main mm a fie of corrective actions which were necessary to remedy 
performance deficiencies which have arisen 

*^c-=4 <arn 
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EPA Ground Water Issue 

LOW-FLOW (MINIMAL DRAWDOWN) 
GROUND-WATER SAMPLING PROCEDURES 

fay Robert W. Puis' and Michael J. Barcelonâ  

Background 

The Regional Suoen'ur.d Ground Water Forum is a 
group cf ground-water scientists, representing EPA's 
Regional Superfund Offices, organized to exchange 
information related to ground-water remediation at Superfund 
sites. One of the major concerns of the Forum is the 
sampling of ground water to support site assessment and 
remedial performance monitonng objectives. This pacer is 
intended to provide background information on the 
development of low-flow sampling procedures and its 
application under a variety of hydrcgeologic settings. It is 
hoped that the paper will support the production of standard 
operating procedures for use by EPA Regional personnel and 
other environmental professionals engaged in ground-water 
sampling. 

For further information contact: Robert Puis, <05-<3S-S543, 
Subsurface Remediation and Protection Division, NRMRL,' 
Ada, Oklahoma. 

I. Introduction 

The methods and ccjectives of ground-water 
samclmg to assess water quality have evolved over time. 
Initially the emcnasis -vas on the assessment of water cua'iry 
of aquifer as sources of drinking water. Large water-bearng 

units were identified and sampled in keeping with thai 
objective. These were hignly productive aquifers that 
supplied dnnking water via private wells cr through puclic 
water supply systems. Gradually, with the increasing aware
ness of subsurface pollution of these water resources, the 
understanding of complex hydrcgecchemicsJ processes 
which govern the fate and transport of contaminants in the 
subsurface increased. This increase in understanding was 
also due to advances in a number of scientific disciplines and 
improvements in tools used for site characterization and 
ground-water sampling. Ground-water quality investigations 
where pollution was detected initially borrowed ideas, 
methods, and materials for she characterizaticn from the 
water suoply field and water analysis from public health 
practices. This included the materials and manner in whicr. 
monitoring wells were installed and the way in which water 
was brought to the surface, treated, preserved and analyzed. 
The prevailing conceptual ideas included convenient generali
zations of ground-water resources in terms cf large and 
relatively homogeneous hydrologic units. With time it became 

' apparent that conventional water supply generalizations cf 
homogeneity did not adequately represent field data regard
ing pollution of these subsurface resources. Tne imccrar.t 
'cle of heterogeneity became increasingly clear net only m 
geologic terms, but also in terms cf complex physical. 
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c-ernica' are :iclcg:c=l suzsura: : rrccaasss. W::r, ;.-==:=' 
acorecaticn :r ;rs rcie ct netsrcgere'ty. ,t eacame evicsrt 
•r;a: suosuracs cctluticn was ucicitcus arc scccrrcasaec 
•re unsaturated zone :o the Case sucsursce arc rcScec 
unconsolidated sediments. :racrurac rccx. a~c ccu^or"-""-
'cv/'/te'erg :f.,mcerme=cia .'c;rra::rs Sma'l-scaie ore-"' 
cesses arc reterccsrs't'ss .vera s.newn 'to oe imecrtant -
certifying :crtam:rart c-str.curc-s arc ;r, ccr;;c.!,rg~',va:=' 
arc contamirant .'lew oaths. 

,t .s :avcrc r.e scree cr -h.s carer :c summarze a:l 
tne acvar.cas in the fie'd cf grcur.c-warer cua!,ty invest:::-
r.crs arc remediation, cut r.vo eart.eu'ar issues nave cea" -g 
cn crcurc-water samciirg tccay acufer nete.'ccereir/'aic 
coiicicai transocrt. Acuirer nerercgeneides arfect" contamirant 
flew catr.s and induce vanaticns in geoicgy, gecc-emist.-/," 
nycrciccy and micrcciciccy. As metrccs "and the reels 
avaiiacfe fcr sucsuriace investigations have become increas
ingly scomsticatad and uncerstarcirg ct the sucsuraca 
environment has advanced, there -s an awareness thaTin 
mcs; cases a primary concern for site investigations is" 
cnaractenzaticn of contaminant flew oaths rather than ert:r= 
aquifers. In fact, in mary cases, plume sickness can be less 
than we't screen lengths (e.g., 3-5 m) typically installed a" "~ 
hazardous waste sites to detect and monitor plume Govern art 
over time. Small-scale cifferences nave 'ncreasmgly oeen 
snown to ce imconant and there is a general trend toward 
smaller cameter wells and shorter screens. 

The hydrogeochemical significance of colloical-size 
panicles m suosurface systems has been realized cunng the 
past several years (Gscr.wend and Reynolds, 1937, McCarthy 
and Zacrara. 1989; Puis. 1SS0; Ryan and Gscnwend. 19S0) 
This realization resulted from bom field and laboratory stucies 
that snowed faster contaminant migration ever greater 
distances ana at higher concentrations than flew and trans
port model predictions would suggest (Sucdemeier and Hunt. 
1SS3; Enfield and Sengtsscn, 1SS3; Penrose et si., 1990)"*"" 
Sucn models typically account fcr interaction cetween the 
-cc, ;e aqueous and immobile sc'id prases, but do not ai'cw 
fcr a mcoile, ^active solid phase It s recognit.cn of this th.rz 
phase as a possiole means of contaminant transport that nas 
brought increasing attention to the manner m wnicn samces 
are collected and processed for anaJys.s (Puis et al..7==0~ 
McCarthy and Oegueldre. 1SS3; Sacknus et a!.. iSSj.'J. S. 
E=A, 1995). If sucn a prase is present m sumcent mass."""' 
ocssssses men sorrticn reactivity, 'arge surzcz area arc 
'emains stacie in suspension, it can se-ve as an .mpc.-an: 
meenamsm to laciita'e contam.ran: trarsoor; in mar/ -,;es 
of sucsurace systems 

GoXccs are oarrc'es r v . vs s.-',: ert.'y arraJ so 
r a : the surrace free energy o: the pa- : a ccmnsres :re eui.-. 
•ree energy i ypiccllv, in grcunc wa.er. :r,s incuees ear,,:, es 
.v,;n cisne'e's oer.veen : arc 1CC0 nm "he rr.cz: C C T - C - I V 
reserved mcoie pacc'es induce eecpncsr/ ;!av mme-a's 
nycro-.s .rzr. aJuminum. arc margarese cxices cisseivec 
an; e:-:_'a:e z:zz-.z -ncte-els. a - : v ruses an: eacte'c. 

i.-ese '=a:::\e zzr.css na-.e :=en src.vn :s ,-.ce:e _ - = 5 -
a vs.-=7 cr :c-c.:.crs .n zz:r. ,s'c stusias arc aocratc-v 
cdiurr,- exre'.TSHs. arc as s^en -.sec 'o :s .r.r-.csc"-, 
-cn ; : . - re ereg-ams .vre'e cs-t/.ca: cn cf re :c- aj ~ z - - 5 

cc—a.r ran: ,'eae rg ,'e.ssci/ed - ra:u'aily s_seercee 
earrc ssi a: a s.:= -s an ce-ect.ve. ~c -ha: ere.zamcre 
me'-ccc:cg,es must zs usee ,vr:en cc nc; acncailv - . ^ 
--«-.-='//susce'-csc parrce ::-c=^;ra":crs 

Cur-=,-::y the res : common grcurc ^s:=r 
arc samc.-g rer.nccclcgy's := cures a ,ve'I us.nc bs' isr*V 
hcr. sceec eumes :o remcve 3 le 5 css.rg volume's fc'-v.*/-
bysamplecci'ectcn TusTe .hcccsnoauseac /e ' s rm- : : , 
cn sample canty tnreugn cc:!ec::cn cf sameles *ith nig-
ieve'S cr turccir/ This results ,n ;he mciusicn :f cther.v^s 
immccla s-iractual pacces wnicn proeuce an everesr.ma-
•Jen cf ce-a.n s-efytaa cf .rte-est (a g„ ,Te:a:s cr h v c - e r c - c 
organic eemccurcs). Numerous eoeumentee :r:e:e-r,s 
asscc.a:ec m:r, -,:tra::cn (Dane'ssen, 1=22; !_=xen arc" 
Charcfe", 1SS2: Kcrcwit et af, 15=2) make tr s an jrs«s r-
acie -e:rcc ct rao:.ry,ng tr.e tur::c:ry prcclem. arc induce 
the -en-ova! cr potentially mcoile (ccnraminant-asaecatec} 
particles curing riitratxn, tnus artificaily bias.ng ccrtamirs'-t 
corcsntraticns lev/ Samci.rg.<rcu:ed turs.c.ty prcciems ear 
c.ten ce mingsrec oy usirg lew-fiew puremg are ssmcl.ng 
teenmeues. 

Current sucsunaee concaotual mcce's nave ur.ee---
gene considerate refinement due to the recent deve'eomer: 
anc increased use of field screening tcois. So-called 
hycraulic pusn teonnolcgies (e.c, cone penetrometer, 
Gecproce'!), GED Hydro Funcr©) enable relatively fas: 
screening s'te cnaraeten:at,cn wnicn can then be usee to 
design and install a monitoring well ner,vor<. Indee-e. 
alternatives to conventional monitoring we'Is are new be>ng 
considered for some hydrogeolcgic settings. Tne ultimate " 
design of any monitoring system should however be eased 
upon acecuate site enaraotencation and be c:ns.s:ent wi:n 
sstaofisr.sd monitoring cejeetives. 

If the sampling prcg.-an cciectives .rduce accu-ats 
assessment cf the magnitude and extent c: sucsurrace 
centammat'cn eve' time anc/cr accurate assessment c: 
suesecuent remscal eencmancs. then seme r.rcrma; en 
reg arcing plume ee'meatien ,n three-dim ers.cral seaea 'S 
necesas-/ ere- 'e mcniter.nc we'l rer.vcrk ees.gn ard 
.-s-a'.a-cn • n.s ear ee aeeer.el'snec a va"-e-/ e-
:.-S's-t tecs are acuiemen: rareirg ,'rcm ra-c-::3'=-ec 
2-es-a r: se-eenre tecs ment.cnec aec-e are large c •' -e 
-gs D='a"ee rfcrmaticn en ercunc-v/ater ;Icv ve'carv. 

nerzental are vertical varapwtv are essert.a' 
easi"-9 ea-a 'ecu'reme-ts Dets.ied sen' are ceceeie ea'a 
a-e reeu-ed z' zr tp and cunnc "he 'nstailaticn et same;.re 
zztr's , -,'s recces r.stcrca! as .veil as d='a 'a: sei! are 
gec.ee : ices v.n.en accumula'e curing the s :a '.-.vest ea' e" 
' - z - C i =d.'5-pie eecerysicaf teenncues is a'sc .-eeem-
.-e~ee: ;r.s .r.tprmat cn -.tegsthe' .v.th pre ' s.'e 
c-e-ae e- :a' c- ea-a, = - ea r urde-stare -g same: -g 



ccisc::vss. then acrrccrrate 'ccanon, screen length, weil 
cameter.j.'ct see et:. .'cr the mentenrg well ,-etwcrt con := 
csc-zsc. , :-:s ,s esrecia.'ly critical fcr rew in s tu rsmecisf 
arcrcacres cr na-.rsl ar.ê Laticn assessments at nazarccLS 
waste sites. 

In cane l̂ he cvs'St! gcal cr any grounc-water 
samcung :r:gram is to collect water samcies with re alter
ation m water cnemistn/; analytical cata thus cctamec may cs 
usee1 .or a vane:/ cr szsexe momtenng orccrams depenc.ng 
on re regulator/ reeuirements. Tre samenne ne:hcdcic-y 
cesc-reee ,n tfs racer assumes that the mcnitcrrg gcal is to 
samp'e monitoring we'ls rcr the cmsr.cs or contaminants arc 
it is aooncacle "nether mcoile collcics are a concern cr net" 
and wnstnerthe analytes of concern are metals (and metal-
Icids) or organic comocunds. 

II. Monitoring Objectives and Design 
Considerations 

The fcllcwing issues are important to ccnsicer cnor 
to the des.gn and implementation of any ground-water 
monitoring program, including those wnicn anticipate using 
lew-fiew purging and sampling procedures. 

A. Data Quality Objectives (DQOs) 

Monitoring cejectives include four mam types: 
detection, assessment, corrective-action evaluation and 
resource evaluation, along with nyend variations sucn as site-
assessments for property transfers and water availability 
investigations. Monitoring objectives may cnange as contami
nation or water quality problems are ciscovered. However, 
there are a number of common components of monitonng ' 
programs wmch snouid be recognized as important regard
less of initial objectives. These components include.- ' 

1) Ceve'ccmen: cf a conceptual model that incorporates 
elements or Ihe regional geology to the ,'ccaJ geologic 
framework. The conceptual mode! development also 
includes initial s,te characterization erforts to identify 
hydrostratigrscnic units and likely flcw-oaths using a 
minimum numoer of borings and well completions; 

2) Ccst-erfective and weil documented collection cf hign 
euanr/ data u'niz.ng s.mp'e. accurate, arc reorccuc* 
'Cie tscnnicues; ano 

2) ret.remsT or 're conceptual mcce! easac en 
suppie'-enar/ ea:= cei!ec:ion and analys.s. • 

These lure-amenta! components serve many types cf mcriter-
ng programs are crevice a basis rcr future everts :ha: svciv= 
m eor-piexiry are ,eve; of spa:,al cetarl as purposes arp 
:P serves excarc -gr. euanr/, 'eo.-pcuceis ca:a cp.lec: en 
•s a :c or eca' -egarelass of program ccrectives 

Hign eualif/ eats ceileceen implies eata :r aurficie 
acourec/, erecis.cn. arc ecrrcie'ê ess ;i s.-z-z cr /=',d ~ 
analytical ,-esu's -p re minimum samoie nu.mps: ear ec~~-

oreg-am ees.gr) "c meet the crcg-am ececv.es. Accl' 
-cv decencs en :ne correct cncice et rr-cr..icrrz -pc s =-~ 
preescures to minimize s&mp.'e arc aucsunace O'sturea.~e-
,'rem eeilececn ,c analysis. P'acis.en ceceres zr. -~5 ~" 
reeea:ae:iir/ or sampling and analyzes! oretece a. .; can -= 
assured cr improved ey reeiicaticn er sample araivses 
,'nc.ucing planks, fieldlao srancares and rerereree starca.-ps. 

3. Sample Representativeness 

An imccrtan: gcal cf any memtonrg program,'s 
cci!ect.cncT data mat is truly reoresertative of eer,c.'t.crs at 
the s.te. me term recresentstiveness acolies to cr.em caj arc 
hycrogeclcgic data collected via we'is. cenrgs, piezometers.̂  
geeenysicaJ and soil gas measurements, 'ysime'e-s, arc 
•emocrary sampling points. It involves a reccgn.LO- cf me 
statistical vanaeiiiry cr mcivicual suesunaca ir.ys.zsl prcee--
L'ss, and contaminant cr major .on concentration leva's, wnie 
exolammg extreme values. Svcsi-rzcs tempcral and sea:.a: 
vanacility are facts. Good crcress.cnal practice seexs :: 
maximize representauveress cy using proven acoura'a a.~e 
recrcducple technicues to define limits cn me c'streu; dr er 
measurements collected at a s.te. However, measures cf 
representativeness are cynamic and are controlled ey 
evolving site characterization and monitoring objectives. An. 
evolutionary site characterization model, as shewn ;n ~g-
ure 1. provides a systematic acorcacn to the gcai c; cens s-
tent data collection. 
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1) Cuesticr.s cf Sca:e 

A samcurg elan cesicrec to cc/'ec .-scrgsarrsav" 
samples must ta.ka into account the pctartial scaie cf 
cnargss in s.te conations through scace ard -trne'as w*'l =s 
the cnemcal assccra:,crs and :eraser ct the caramels 
that are targeted fcr investigation. In sucsuraca svs:=ms 
cnysical (i.e.. acuirer) enc enemical crcoeties ever time cr 
scace are rot statistjcaly mceoencer.t. In fact, samples 
taken .n close ercx.mity (i.e.. -vithm eistarces of a few meters) 
or witmn snort time periods (i.e., more frecuentiylhan 
monthly) are highly auto-correlated. This means that c«,-rs 
emcfcying mgh-samoling frecuency (e g., monthly) or cense 
soanal momtonng cesigns run the rsk cf reduncant cata 
collect.on and misleading inferences regarding trends n 
values that aren't statistically va'id. In practice, contaminant 
ce'ection anc assessment momtonng programs rareiy suffer 
mesa c/s-ssfrclirg concerns. In corrective-act.cn evaiuat-on 
programs, it .s also pcssiole that too little cata may be 
collected over scace cr time. In these cases, false integra
tion cf the scatial extent of contamination or underestimation 
cf temporal concentration vanabiliry may result. 

2) Target Parameters 

Parameter selection in monitoring program design is 
most often didfated by the regulatory status of the site. " ' 
However, background water quality constituents, purging 
indicator parameters, and contaminants, all represent tarcets 
tor data collection programs. The tools and procedures used 
in these programs should be ecually ngcrous anc aoolicaois 
to all categories of data, since all may be needed to deter
mine or support regulator/ action. 

C. Sampling Point Design and Construction 

Oeta.led site charactenzaticn is central to all 
decisionmaking purposes and the basis fcr this cr.a'act°nr=-
tion resides in identification cf the geologic framework and " 
ma(or hydro-stratigraonic units. Puncamental data for sam-le 
point location include: subsurface iithclccy, head-cifferenc=s 
and background geochemicai conditions. Each sampling -cm: 
has a crocer use cr uses wmch should be cocument=c at a 
level wnicn is aopropnate for the prccram's data cual.ty 
coiect.ves. incividual samoling points may not always be 
sole ts iulf.II multicle momtonng objectives c , ce:ee:.cr 
assessment, corrective action). 

7 c 

'est. i rere-cre -= spa; ai Irecusncv cr samei.re zc — 
snculd oe careruily selected arc ces.gr.ed. 

2) Fiexiciiify cr Samciinc Feint Des,c,n 

in res; cases .ve!-:c:n: c;ame=r3 n excess - • 
irc-.es wul pe'-rtit 'he use cr mcst r>ees cf s_=mer?.p./' ' 
eumcrg devices ,':r •cw-.-lcv (mimmai dra^cowr, « I - -

; s sl-'S?«teo that s.-crt(e.g.. less than l 5 m) scr^-s^^ 
.ncorodrarsoimp,:^^ 
t-at ccmcaracle resJts rrcm ere cevica to ancthe- r " - « -
exeected. -her. er course, s relate to the cscree cf'v--"--
•vater qualify vanaeilir/ expected at a s.te * 

1) Ccrr.caticmty wiirt Momtonng Frocra- an-
C'ja'iiy Objectives 

Data 

3) Equiiibraacn i <' c- rpiirg Pent 

i ime s-c-id be allc.ved for egui.Tcrat.cn cr ±e I 
or sampling peire with the rcrmat.cn arter msta'lazen. = = =. 
ment of well cr samcur.g points in the sucsurface produces" 
seme cisturearee cf amoie-t con&ficrs. Drrll.ng •ec.-rcue-
(e g , auger, rotary, etc.) are generally considered 'o cause" 
mere eisturoance than c:rec:-:ush tecnnclcgies In 
case, there may be a cencd (i.e. days to months) dunno" 
vvmcn water cuaiify near the point may be cistinrJy efferent 
from that in the fcrmat.cn. Frooer development cf the sam
pling point and aciacent fcrmatrcn to remove fines createe 
dunng emplacement will sncrten this water cual.ty r^cv=y 
period. 

Specirics cf sampurg pcmt location arc ees:;- -vnl 
ee :i::a:ec by ;he complex;:/ cf subsurtape limclccy arc 
VE-SCW m contaminant and/or geccr.emical cere';,ens It 
S.-CJIC :s rete-p ma:, regardless er me grcure-waie- sa~-
e 'rg aeercacr. ,'ew sampling pom's (a g . wells, cr.va-~r.rc 
scres.iep- a„g5-aj rave zpr.es cf influence in excess e: a ,'e* 

III. Definition of Lew-Flow Purging and Sampling 

It's generally accepted that water in the well casing 
is ncn-reoresentative cf the formation water and r.eecs to be 
purged pnor to collection of ground-water samples. How eve', 
the water in the screened inten/ai may indeed be represent-' 
live cf the formation, cepencing upon well construction ar.o 
site hydrogeology. Weils are purged to some extent fcr .he 
following reasons: the presence cr the air interface a: me "c: 
cf the water column resulting in an oxygen ccn.cen'.rafcn 
gradient with deem, loss of vclatiles up the wate' column. 

. leaching from cr sorption to me casing cr filter pack, enemies 
oranges due to clay seals or bacxfill. and surface mriitr-a: cr. 

Low-'!cw curging, wnemer using pertae'e cr ee-e.-
eatee systems, srcjlc be core us.ng pumc-mta<e 'cccts-e -
•he micdie or slicmlv aocve the miccle cr the screened 
inter, a. Placemen; er me pure :cc c'ose to tne ecrem er -s 
weil .viil cause increased ent:a,nmen: of seres r.a/e 
ce'.ectec m the we'l over time These eameies are p-sse- as 
a result of well ceve'epment. prior purgirg and sampling 
eve'-s. a— natural eeiicical trsrspcrt and cepcs.tien 
i re'e'ore. p'acemen; cf the euro m the middle cr :ewa-p ma 
•coo; me screened interval is suggested P'aesmen: c: trs 

' I I ' ' r ' e ! : D ° r ' r , s , v 5 ! 5 r : z ! '^ r r ' r- 'cr ssmp'inc s cn.v 
-eco. ,. .ercee m urccnfir.ee apuife's. scree-ed "across re 

w r e ' 2 ••"•'s s :he eesirec sampling pern;. Lew-



(lew curare, ras ;he acvantsge cr minmiz.rg mix-rc :e-,vee.n 
the sve'-yinc stacnar: css.rg .va 5 ' arc Aster .vi;r.r re 
scree-ec inta-val 

A. Lcw-Ficv/ Purging and Sampling 

Low-flew rate's :c me veiccr/ «i:r ,vricr ,va-e' 
erte-a :re cump rtake are ma; .s .rrearac :e re crmat.cn 
acre .va:er ,n r e immediate vicnty cr me .veil seres- it 
cces ret recsssar.iy rs-er :e me (lew rate cr wata- csc-arged 
at me sunaee wn.cn ear :e arfeetac ey flew i-ecu.atc.-3 cr 
resmencrs. Wste' level cra.vccwn crevices me eest ircfcs-
ticn cr me stress imeartea ev a given rlcw-'ate fcr a given 
hycrcicgical Situation. 7ne ceiective is to pumo in a manner 
ma; minimizes s::sss (drawcewn) to me system to me extent 
pract.csl taking into acccun.t establisned s.te samcimg 
ceiectives. Typically, (lew rates on the crcer cf C.l - 0.5 L'm.n 
are used, however this is deee.ndert on s.te-soec.rTc 
hycrcgeology Seme extremely coarse-textured fc.-mat.crs 
have been successfully sampled in this manner at (low rates 
to 1 L/'min. The erfectrveness of using Icw-fTcw purging is 
mt.mataly linked with preeer sereen Icca^cn. screen length, 
arc well construction and development .'ecr.nicues. The" 
rees:aelisnment cf natural flow paths in eoth me vertical and 
honecntal cirec:;cns is important for ccrrsc: /rterpre'auon cf 
the data. For mgn resolution samoiing needs, screens less 
than 1 m snould oe usee. Most cf the need fcr purging has 
been found to be due to csssmg the sampling device thrcugn 
the cve'lymg casing water wh:cn causes mixing cf these 
stagnant waters and the eynsmic waters within"the screened 
inter, al. Additionally, there is disturbance to suspended 
saciment collected in the bottom of the casing and the 
displacement of water cut into the formation immediately 
aqacen; to the weii screen. These disturbances and .mpacts 
can ce avoided using deCiczi-d sampling ecuipment. wnicn 
precluces the need to insert the sampling device pner to 
purging and sampling. 

Isolation cf the screened interval water from the 
cveriymg stagnant casing A-ater may ce accomcr shec using 
lew-flow minimal orawcewn tecnnicues. If the pump intake s 
lecatec within the screenec interval, most of the water 
pumped will ce drawn in directly from the formation with little 
mixing cf css.ng water or cisturtance to the samoiinc zone. 
Ho//ever, if the we'is are not constructed and deveiceed 
prcos'ty, zones ether than these r.tenced may he sampled 
At seme sites wnere geciogic hetercgene'ties are surr.cV:.'/ 
efferent within tne screened -nter/al, .mere' eeneuetivir/ 
zones may ce ore e'em.a.'ly ssmcied. This s arc;.~e' -easen 
'o use sncner sc-eened nten/als. escecally wnere men 
seatia1 -esoiution is a sampling coiective 

=. V.'s'.sr Quality Incicator Parameters 

't s :eecmme-eee f a : ware' cuai.ty mcioa.or 
ea'a-atr's ee .see 'o eete'mire purging neees c o - -e 
earne.e neileet.e- n eacn *e!l. 3:apiuza:icn el pa-amete-s 
s-c- as :H specie :pneu-a rce, dissolved cxvger. ex.ea-

ticn-recucticn potential, "emce'siure ano turexir/ sneu'e ee 
usee :c ee:err-,re .vren c—sucn * = :=' _ stress ac eu, 
eurcmc. in ge-e'sj. he ores' cr stao. za::n s e-. 'emee'"--
rure. anc scecifc oe.-cucta.-ce. .eficwec :y exear.c,--
recueticn eetemiaj. csseivee oxygen arc -rocr/ Temper, 
rure and wmia cemmemy .sad as eurcne ne-este.- V—~ 
actually euite msa-s.eve n cett-g_.sr.-g repeat 'erma_cr 
water and stagra-t eas.rc //=•='; nevsthe'ess, rasa a.-="" 
imccrar.r parameters tor data .rtareratatien purposes a r -
shcuid also ee measured. =ertermarcs crtana fcr ce'emr--
nat.cn cf stapiiizaticn sncuid :e eased cn *a-sr-'evsi"craw-
cewn, pumoing rate a-c e-euicme-t spec resteers .'cr mea?_r-
<ng mccatcr oarame'ers. Irsrumerts are av^tap e ivn.crT'"' 
utiize m-'i'r.a flow ce'ls to continuous.'/ measure the acov° 
parameters. 

it is imecr.ant to estaei.sn see cue we-l stae.nzat cn 
cntena ard then ccrsistertly rcilew 'he same matrices 
Lherearter, parecu'any wth resee-et :e e-awce/.n, f x * rata 
arc samciirg cevica. Generally, ze .me cr purge volume 
recurred for parameter staciiiz—cn's incepercant cf AS'I 
depth cr well vcium.es. Oeoencant varaoies are weil d.am-
e'.er. sampling cevica, hycrogecc.nem.stry. pum: flew rate, 
and wnether the devces are used ,n a pcnaele cr dec.'oatec 
manner. If the sampling device is alraacy in piaca (i.e., 
dedicated sampling systems), then the time anc purge 
vclume needed fcr siseiiizaticn is muen srerte' Other 
acvantages cf dedicated ecuicment induce less purge wate' 
for waste cispcsal. much less decontamination cf epu-pmert. 
less time spent in preparation cf sampling as we'I as _me m 
tne field, and mere consistency m the sampling apcreach 
whicn prodacly wul translate into less vanaenity in sampling 
results, i ne use cf cecicatec ecuicment .s strcrg.'y recom
menced at weils wnicn wnl uncergo routine sampling ever 
Sit ie. 

If parameter s:apiii:a;:cr crte.na are ;co smrgs-.t. 
then miner cscillaticrs ,n ir.cicator carsmete.'s may cause 
purging operators :o tsccme unnecssssriiy protract s-c. It 
snculd also oe noted "a t turcic'ry is a very censs'vst.vs 
parameter ,n terms of staou.ps' cn Turn c r / s sways tne 
last parameter to staomoe. Excessive surge 'tmes are 
nvanaoly related to me estac'isnmen: cf too strrce-t "urc c -/ 
stadiicaticn criteria. It snculo ce noted ma: -atura! turo c tv 
•eve's m grouno //ate' may exceec :C recme'ememe 'urccr / 
units (.\'7U<. 

C. Advantages and Disacvsntages cf Lcw-Flcw 
(Minimum Drswccwn) Purging 

In general, me aova-tages :.' l e v ' : w :u-gmc 
- : - 0 2 

• samples ,vncr =-e represania-ve :r ma r.zz\s oso : ' 
ocntam.na-ts cesen; (csacivec arc :o:lo c-assc:.-
a -ec), 

• ,-"-,maj cst.-paroe or me sa.-p.-c : : - me'epv 
m,rim:::rg sampnrg a- ; £ ~ 3 i 

• 'ess cpersmr var.ao.nr/, g-»a-e- coe-am.- co r - : 



• retucsd stress cn trie ,'ermsticr (minims! d.-a.vccwnj. 
• less mixing cf stagnant cas.ng .vater with terms\cn 

water; 
• reduced need Icr filtration and. rere'ere. 'ess ; „ - a 

required fcr samcnng; 
• smaller surging vc!ume wn<cn decreases .vss;a 

disposal ccs;s and samcfing ;rr,e, 
' tester samcle consistency; reeuced anficiai samcie 

vanaciufy. 

Seme eisaevantaees cr !ow-,low cureing are: 
• higner initial capital cests. 
• greater set-uo time in tne rie'd. 
• need to transport sectional ecuicment to an- rr—, -e 

site, ~ 
• increased training needs, 
• resistance to orange cn the can cf samcnng practitio

ners. 
• concern that new data will incicate a cr.ar.ge in 

conations and tngger an action. 

IV. Low-Flow (Mi; 
Protocols 

iimai Drawdown) Sampling 

i re following ground-water sampling procedure -as 
evolved over many years cf experience in ground-water 
samcling for organic and inorganic compound determinations 
ana as sucn summanzes trie authors' (and others) experi
ences to date (Barcelona et a!., 19S4, 1994; Barcelona and 
Kelfncn, 1S85, Puis and Barcelona. 193S; Puis et. al. 1SS0. 
1SS2; Puis and Powell, 1S92; Puis and Paul, 19S5). Hign-' 
quality chemical data collection is essential in ground-water 
momtonng and site characterization. The primary limitations 
to the collection of representative ground-water samples 
include: mixing of the stagnant casing and fresh screen 
waters dunr.g msenion of the sampling device or ground
water level measurement cevice; disturoance and 
resuspension of settled solids at the bottom of the well wnen 
using hign pumping rates or raising and lowering a pump or 
bailer; introduction of atmosohenc cases or degassing from 
the water during sample handling anc transfer, or maccrcon-
ate use of vacuum sampling device, etc. 

A. Sampling Recommendations 

Water samcles snculd not be 'aken immediate^ 
fci'owmg weil develooment. Surficien; time snouid be allcvec 
•'cr tne groundwater flew regime in the vicinity of the menrcr-
mg well to stabii.ze and to aocrcacn cnemical equmcnum ,vitr 
the well construction mstenals. This 'ag time will ceoenc cr 
site cor.citicns and methods cf installation but crten exoeecs 
one week 

Well purging is nearly always necessary to co:a;n 
samp-es cf water flowing through the geologic ,'orma:,o-s ,r 
•ne screened mte-.si Patrer man us.rg a ge-e-ai out 
aro.t.-ary gu.oeime o; purging three cos.rg vciumes ore: ;p 

sampiirg, ,; is racemmercec ma: an .n-.ine "a:=r euairv 
measuremert cev,ce 's.g . Icw-rrcugn eel) :s '.sec c 
rstacl'sn 'he star.iieaticn time ,cr several :ars.-=-=-s r 5 z 

pr . specific ccrcuctance. 'ecex. dissolveo :r/g=n \ rzz ' - ' . 
cn a we<J-scec:ric basis. Data cn oumcmg rate, crawcown'"' 
anc voiume recuirec fcr parameter stacui_a.cn car ce •_•«-.-
as a guide fcr ccncuctmg suosecuen: sampling actr.ities. " 

"r.e 'ciiowirg are recommencaticrs ;c ce ccrs c = - -
perore. dunrg and arter sampiirg: 

• use lew-, lew rates (<0 5 L mm), dunre per. pure:.--
ard sampling to maintain minimal crawcewn - *- s~ 
we'l; 

• maximize tucing wail thickness, minimize rupirg 
length; 

• place the sampling device intake at the ces rec 
sampling point: 

' ~ i f 1"~'=e cisturoances cf the stagnant water column 
aocve the screened interval curing water 'evei 
measurement and sampling cevice insertion,; 

• make orccer acjustments to staoiiiza the .lew rate as 
soon as possible; 

• monitor wa:er quality ncicatcrs curing pu-grg; 
• collect unfiitered samples ;o estimate contamman: 

loading and transccn potenpai in the sucsunace 
system. 

S. Equipment Calibration 

Prior to sampling, all sampling device and memtcrrp 
equipment snouid be calibrated according to manufacturer's * 
recommendations and the site Quality Assurance Preset Plan 
(GAP?) and Fieid Sampling Plan (FSP). Calibration cf cri 
snculc be performed with at lass; f,vo buffers wnicn craeke: 
the expected range. Dissolved oxygen caiibraticn must be 
corrected for local barometric pressure readings anc eleva
tion. 

C. V/ater Level Measurement and Monitoring 

It is recommended that a device ce usee *rzr, -vi! 
least csturp the water sunace in the cas.ng. We'l cecr 

. snculd ce ootained from the well ices. Measuring :c :ha 
ecrtem of the well casing will only cause rasuseers.c- cf 
sar.'ee sclids frem Ihe formation and recuire icrcer c.'c.-e 
times ror tureiciry eeuiiibraticn. Measure we'l ceVh aha"' " 
sa ..P'ing ' S comele-ed. The water level measu'eme- snou e 
ee :a<en irom a pe'.mane-t re'e'enea pen: .vn.cn 'S Sw-.evee 
re at.ve :o grcune e'evsticn 

D. Pump Type 

Tne use cr lew-flew (e g . C i-0 5 Urn;-; eum:s ,s 
suggested 'cr ourg ng and sampling a'l Types el ar.aires All 
eumrs ra/e some Imitation anc these snouid be mvestca'ac 
••••r -eseee: aeeiicsticn at a canicular s.te =a .a-s a-e 
rapp'ep,-_;e devices for lew-'.'ew sampiirg 



1) General Consicera'jcns F. nltrsiicn 

i rare are rc 'jrusuai recurema'-ts .cr grcurd-wst^ 
sampling cevices .vren usmg 'cw-.lcw, minima! crawdevn 
tecrnicues. The ma.cr ccrcsm. is :ha; the device g.va 
cers.ster; resells arc mimmai c:s;urt:anc3 cr tre same's 
across a rangezr few flew rates (i.e.. < 0.5 L'mn). Cearrv, 
pumpire rates that cause minima! to no ersweewn in cna'.ve 
could eas.iy cause s.cnf,cant c-awccv.r m another we'l 
lin'snec in a less trarsmissive 'crmaticn 'n "his sense, tne 
pump sncuic net cause uncus cressure cr temce'atura 
cnanges cr cnysica! cisturcsnce cn the water sample ever a 
reascnacie samclmg range. Ccns.ste^cy in cceraticn is 
cr.tical tc meet accuracy a-d precision goals. 

2) Advantages and Disadvantages cf Samding Devices 

A variety cf samo'ing cevices are avaiiaofe 'cr Icw-
ffew (minimal drav/cewn) purging and sampling and induce 
peristaltic oumcs. blaccar pumos. eiectr.cal sutmersiole 
oumps. anc gas-enven cumos. Devices wnicn lend them
selves to doth dedication and consistent operation at derln-
aoie lew-flow rates are oreferree. It is desiranfe that the pump 
ce eas-ly adjustaole and operate reliably at these lower flow 
rates. The peristaltic pump is limited to snallcw app!icat.cns 
and can cause degassing resulting in alteration cr pH, 
aJkaiimty, and some vciatiles loss. Gas-cnven pumps snculd 
be cf a type that dees net allow the gas to ce in direct contact 
with the samcled fluid. 

Cleany. bailers and other grsa type samplers are nl-
suited for low-flew samclmg since they will causa reoeated 
disturbance and mixing cf stagnant water in the casino and 
the cynam;c water in the screened interval. Similarly, ihe use 
of inertia! lift foot-valve tyce samplers may cause too much 
c.sfj'Oanos a: the point of sampling. Use of these cevices 
also tends to mtrccucs uncontrolled and unacoeotaole 
operator variability. 

Summaries cr advsrtsges and cisadvsntages of 
venous samcling cevices are listed in Herzcg et ai. ( i -S l ) , 
U. S. =?A (1SS2), ?ar:«.3r (1=24) ana Thurndac (iSS-i) 

E. Pump Installation 

Dedicated samcnng oevces (Iert in the well) cacao a 
cr pumping and sampling are preferred over anv other type cr 
Oevice. Any pcrtaole samcnng cavice snculd be slcwiy'ano 
carefully icwered to tne miccle of the screened mten/al cr 
sugrtly accva the micd'e ;e g , 1-1 5 m beicw the too or a _ m 
sc-eeri , nis s tc minimize excsss.ve mixing cf the stacnan: 
•vater r tne casing aocve 'he screen, with the screened ' 
inte-.'al zone .vater, and to minimize res_soe-s.cn cf soi cs 
wmcn will nave collectec a: - e ccttcm of tre well These r.vc 
c sturra-ce exacts nave rear srewn to erectly arfac: tne 
•ims required "or purg'-g The-a a'so appears to oe a erect 
ccrre'a-icn oeween s.ze ci ocnaole sampling cevices -e'atwe 
to the A-ei! pee and result.ng pu'ge volumes and times Tre 
*ay ,s to mir.m.ze c:c;ur:ar:e e' •va;er and soi-ds m the w« | 
easmg 

Cec.2,c.-s "e 11:=' samples src-ic :e e.ctats-c : / 
sampling cc;ec::ves rarer ran as a fix .cr ;ccr samc'.re 
cractices. arc f.e'd-flltenrg c; cerain constituents sr.cu'c -p; 
ce r e cerau.t. Ccrs.ce'accr; srcuc ce giver as ,c * r a : 
acci.ca:.cn cr fieid-rlitrai.cn s r / i rg 'o aceomci.s.1. Fcr 
assessment cr :,-_'•/ dissolved (as eccesec 'c c:e'3_cra..v 
c.'sscvecj.e.. samoies filtered with 0.-5 pm rlitars;) ccnc'a--
rations cr maicr ens and trace metals. 0.1 urn niter's are""" 
recommenced although C 4= _n ri.ta-s are rcrma.V .sec 
mcs; regulator/ programs. Alkalinity samples must'alss ce 
filtered if signifies/!; oartrculate calcum osrocnata is sus
pected, s.ncs this matenal is I'key to 'mcact aikajiriry Ltrat.cr. 
results (althcucn filtration itself may alter the CO, comocs.t.cr 
of ihe sample and, therefore, adacr the results). * 

Althcugn filtration may ce apprccnata. l l rarcr cf a 
samcle may cause a numcer of unintended cra.:ges to occur 
(e g. oxication. aeration) pcss.oiy eaemg to fiitra-cn-ncucsc 
artifacts dunng samole analysis and uncertainr/ in r e rasu 'a. 
Some of these unintenced oranges may be unavcidac'a out 
the factors leading to them must be recognized. De'eteocus 
erfects can be mimmizec oy consistent acpiica.cn cf cera.n 
filtration guicelines. Guicelines snculd accress selection cf 
fiiter type, meda. pore size, etc. in order to dentin/ and 
minimize potential sources of uncertainty wnen riitenng 
samples. 

In-line filtration is recommended because ii zrcw-Css 
better consistency througn less sample handling, and 
minimizes sample exposure to the atmoschere. In-line filters 
are available in both disocsabie (barrel filters) and ncn-
cisDosafcle (in-line filter holder, flat memcrane fillers) formats 
and varous filter pore sizes (0.1-5.0 urn). Dispcsacia fiite-
cartndges have tne advantage of greater seciment nanelng 
capacity wnen compared tc tracitic.nal memorane filters. 
Filters must be pre-nnsed 'ollcwing manufacturer's reccm-
mencauons. If there are no recommendations fcr nosing, 
oass thraugn a minimum cf 1 L cf ground water 'cllcwmg 
purging and pner to samcling. Ones filtration has oegun. a 
'ills' oaks may develop as pstices large' than r e cere s :a 
accumu'ate cn the filter memcrane. Tine result is that the 
effective pore ciameter cf the membrane s recuceo and 
panicles smaller than the statec pore s za are sxdudec 'ro— 
the filtrate. Fcss.cle corrective measures irciude :rei<te-rg 
(with 'arger cere size niters), minm,z.rg can.de dacs "o 
eeg.r with, and racucirg samcle volume. 

C?. Momtonng of Water Level anc V/atar Cus'i'ty 
Indicator Parameters 

Checx .vater level eereeiea'ly tc mentor e-a.-.ee.^ 
.n tre we'l as a guiee to fic.v rate ac.ustment Tie geaJ is 
-.n.-.a 1 e-aweown (<C 1 m) curing purging This goal ma/ oe 
c . r f i c : :acr .eve urc-r some circumstances cue to gee eg o 
rete-egeneities wuhm the sceenec ir;e-/a!, arc -ay recu re 
ae.ust~.ent based en Site-soecHc eeneit.ers are serpens' 
cxee-e'-ee ln-ure wate' puair/ •ncicator parz~a'2'S zneu -
be ecn-,n_:us.'y monitored curing purgmg " e\a'sr cue 



incicatcr carameters monitored can include r<^*x 
potential, conductivity, dissolved or/gen (CO) andlunocr/ 
i ne last three carame'ers are often most sensitive. Pumcinc 

rate, crawccwn, anc ihe time or volume reouired 'o cc'ai'n " " 
staciination cf parameter readings can ta used'as a r"Tur= 
guide to purge the well. Measurements snculd oe tak=n 
ever/ three to five minutes if the accve sucgestec ra'=s =r» 
usee. StaPnir3.cn is achieved arter ajf parameters nave"" 
stapmzsd for "hree successive readings. In lleu'cf measunrg 
ail five oarameters. a minimum sucset would induce 
conductivity, and turoicify cr DO. Three s u c o e s ^ r « ^ - ~ 
snculd oe within i 0.1 fcr pH, z 2% fcr concu"" vir/" -"~0 
'cr redox octertiai. arc = 10% fcr turoidity a-cCO ' Staoi'i.'z'-
purge indicator parameter trsres are generally CPVICUS a n " ~ 
follow either an exponential or asymptotic crang= -p s-ai'a" 
values dunng purging. Dissolved oxygen anc turcicity usually 
recuire the longest time fcr sterilization. The sccv s-'-iiz*-' 
tion guidelines are provided fcr rcugn estimates cased "on 
exoenence. 

H. Sampling, Sample Containers, Preservation and 
Decontamination 

Upon parameter stabilization, sampling can be 
initiated. If an in-line device is used tc monitor water quality 
parameters, it snculd be disconnected or bypassedduhng 
sample collection. Sampling flow rate may remain at estao-
Itshed purge rate or may be adjusted sligntly to minimize 
aeration, bubble formation, turbulent filling cf samcle bottles 
or loss of volatiles due to extended residence time in tufainc' 
Typically, flow rates less than 0.5 L/min are appropriate. The 
same device should be used for sampling as was used fcr 
purging. Sampling should occur io a Degression from least "o 
most contaminated well, if this is known. Generally volatile ' 
(e.g.. solvents and fuel constituents) and gas sensitive (e.c 
r e - , CH„ HjS/HS-, alkalinity) parameters should be sample* 
urst. The sequence in wnicn samples for most inorganic 
parameters are collected is immatena! unless filtered (dis
solved) samples are desired. Flltenng should be done 'as: 
and in-line filters should be used as discussed accve. Dur.rc 
bcth well purging and sampling, proper protective dcthing " 
and ecuipment must be used based upon the type'aod level 
of contaminants present. 

mtrcducrg field contaminants into s samcle tcn.'e wmle 
acc.rg the prasar/atives. 

The creser/at.ves srcu.'d be farsrarrec from ;-_ 
cramicsi tame tc the sample container using a cisocsspil 
pclye'hyiene pice: end the cisocsaola cce: s::uld ce < 
cniy cnca anc then ciscarced. "~^~ 

Are' a sample container has peso rtifec with c - u - r 
•vater. a Tericn^ (cr _o).|ir.ed cap s screwed cn rg- ; l y 
oravent the contaner from leakinc. A samcle lace' is 
cu: as scaciriec m v.a FSP Tne samples snculd *e 
inverte-o a: 4°C. 

ScecfTc ceccn;amina:jcn, prctcccls fcr sampiirg 
uevicas are dependent to seme extent cn the r/ce of devic= 
usad and the type cf contaminants encountered! Refer to the 
srte QAPP and FSP for scecflc recLvremartts. 

i na apprccnate sample container will be prepared m 
a.vance of actual samcle collection for the analytes cf 
interest and include sample preservative wnere n=-=ssan/ 
Wats- samples should be collected cirectly :nt: th~s"oma'r,=' 
'rem the pump tubing. 

Immecately aha' a sample bottle has c " i / 
must be preserved as specified in the s.te (CAP?" 
preser/ation recutrements are cased cn the =na'vs=s c 

rcrmec (use s.te OAP=, FSP, P.CP.A cu:d=nc" — - - e -
S. EPA. 1S92) = r 5=4 SVV-3-tS (U. S*=? " J ! 1 . - — A , ; _ = _ , „ 

-ay ce acvisacle to add preservatives to samcle bodies -n 
controlled setting c o r - 3 entenng tbe field ,n crce- to recu-c: 
:-e onsnces cf morocerv crsservmg samcle bcr'es c 

I. Blanks 

The renewing clanks snouid he ceilsctec: 

(1) ('"eld blank: cne field blank sr.culc be collected (rem 
eacn source water (disrillec/deicnizec water) usee (or 
sanding equipment decontammat.cn cr (or assisting 
well cevelccment procedures. 

(2) equipment blank: one equipment blank should be 
taken pnor to the commencement cf field work, from 
eacn set of sampling equtoment to be used for that 
day. Refer to site QAPP or FS? for specific require
ments. 

(3) tnp clank: a tnp blank >s required to accompany eacn. 
volatile sample shipment. These blanks are prepared 
in the laboratory cy filling a 40-ml volatile orcanic 
analysis (VOA) bottle with distilled/deicnized wate'. 

V. Low-PermeabiHly Formations and Fractured 
Reck 

me overall sampling program gca's or samourg 
objectives will dnve hew the samclmg points are Iccatec. 
mstallec, anc oncics of samoling device. Likewse, s.te-
soec-fic hydrogeologic factors will arfect these decisions. 
Sites Aith very lew cermeaciiity formations er fractures 
causing dscrete flew cnannels may recu:re a umcue mcn.tor-
mg accreacn Unlike water suoefy wells, .veils installed for 
g"eurd-wa:er qualiry assessment and resterat.cn prccrams 
a-e c.ten nstalled in low water-yieicing serines (e g . cays. 
Sj'sv -I'ema.v/e tyees er samc'mg ecir.ts arc samoling 
• e fecs are eren needed in these Types of envmonme'-s. 
eeeause lew-eermeseiiity settings may reouire extreme y 'ow-
f'ow purging (<Q 1 L'min) and may be tecnnclogy-Hmite-o. 
v. w e'^cevces are net reacily avaiiacle :o eu.mc a: suer 'o* 

-a-es, the enmary ecns.ceraticn is to avee ca^ata^-c er 



tne well screen, i nts mav recutre repeated recover/ of tre 
water during purging wmle leaving the purro irTplaca whin 
the well screen. 

Use cf lew-low -eenmeues may oe impracticcJ in 
tnesa settings, Cecendmg uocn the water recnarge rates 
' n s sampler ard the enc-user cf data collected from sucn 
we'ls neec !o uroerstarc the limitations or the data cc.'Jecr=<-
i.e , a strong potential fcr underestimation cf actual contam"-"' 
nam concenrrat'cns ;cr vc'atile crgan.cs. pctenral falsa 
negatives rcr filtered metals and octentia! false pos,tiv"es fcr 
unfilte'ec me'als. :t is suggested that comcansens ce'maee 
ca-ivean samcies recovered using lew-flew purging teen- ~" 
nicues arc samcies recovered using passive sampling" 
techmcues (i.e.. two sets cf samples). Passive samcle 
ccllectton wculd-essentraily entail acquisition cf the sample 
with no cr very little purging using a dedicated sampling 
system installed within the screened mter/aJ or a passive 
samcle collection cevice. 

A. Law-Permeability Formations (<0.1 L/min 
recharge) 

1. Lew-Flew Purging and Sampling with Pumps 

a. *pc.tac!e cr non-dscicated mcde' - Lower ihe cumo 
(ere capable of pumping at <0.1 L/mm) to miĉ soreen 
cr slightly acove and set in place for minimum of 45* 
hours (to lessen purge volume requirements). After 43 
hours, use procedures listed in Pan IV acove regarc-
ing mcnitcnng water quality parameters for stabiliza
tion, etc., but do no: dewater the screen. If excessive 
drawdown and slow recovery is a problem, then 
alternate approaches such as these listed below may 
be eerter. 

B. Fractured Rccx 

•n fractured rccx •zrraizrs. a 'cw-lcw -c zero 
purging approach using pumps n ooniunot.cn *tth Packers 
isolate the samoling zone n re ocrencie -s s-cgestec. ~ " 
Pass.ve muls-iayer sameir.g bevces may also :rcvic_"r= 
rr.es: -representative- samcies. It is .moersttve m these 
settings to cencf/ fJc*v pars :r -vater-prccucrc .raor_r=c 
crcr '0 sampling using toes such as zcrenc.e :"cwm="=^" 
ancor other geccnys.oa :zz:s. 

After 'centjfips-jcn cf water-:earrg fracrurss. .nsta.1 
pacxer(s) arc oump assemo v -cr samo.e cc lection us.rg 
low-flow samcnng ,n "deccatec mcce" or use a passive 
sampling device wnicn can isolate the .'certified water- W -
fracrures. 

VF. Documentation 

. The usual --access fcr dccume-;:rg re sampiirg 
event snculd ea used fcr 'cw-rlcw pu.nemg arc sampling 
techmcues. This snouid mc'uce, at a mir.im.um: 'nfcrmapcn 
cn the conduct cf purging operations (flcw-rate. drawdown, 
water-quality parameter values, volumes extracted anc ttm.es 
fcr measurements), field instrument oandrat.cn cata, water 
sampling forms and cnan cf custccy terms. See Figur=s 2 
and 3 and "Ground Water Samoling Wcrxsnco - A V/crxsrc-
Summ&y (U. S. SPA. 1S5=] fcr examoia terms a.-d other 
documentation suggestions a.nd mfcrmatton. This infc.-mat.cn 
ocucied with laboratory anaJyticaJ data and vafida.cn data a-= 
needed to judge the 'useaciiity" cf the sampling data. 

VII. Notice 

b. "dedicated mode* - Set the pump as above at feast a 
weak pnor to samclmg; that is. operate in a dedicated 
pump mode. With this approach significant reductions 
m purge volume should be real-zee. Water quality 
parameters should staon'ize cuite racidly due to less 
disturoancs cf the sampling zone. 

2. Passive Samcle Collection 

Passive sampling collection requires insemon cf the 
device into the screened interval fcr a sufficient time cencc to 
ailcw flew and sampie equn.pratipn before extraction rcr 
analysis. Concaotuaily. the extraction of water from lew 
yie-oirg formations seems mere akin to the collection of water 
•rem me unsaturated zone aro oassive samoling teenmcues" 
may be mce app.-ppnate m 'erms of obtaining "recesenta-
•ve* sampies. Sat.sryirg us_al sample vciume recuirements 
s rypioally a proelem w,;n this acprcacn and seme latitude wni 
oe neecee re pan of regulator/ entit.es ;p aenieve 
ampnrg ceiect.ves. 

The U.S. Environmental Protection Agency through Hs CffTca 
of Researcn anc Deve'ooment funded and managed the 
research desenced herein as part of its in-hcuse research 
program and u.ncer Contract No. S8-C4-C031 t 0 Dynamac 
Ccrpcra.cn. It has been sue;ecteo to Ihe Acerc/s peer are 
administrative review and has cean aocrcved for'publicat.cn 
as an 5PA document. Mention cf trace -ames cr commercial 
products does net constitute e-cersement cr reeemm=-ca-
tion for 
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Figure 2. Ground Water Sampling Log 

Project Site . Well No. Date 

Well Depth Screen Length Well Diameter Casing Typ 

Sampling Device. Tubing type s Water Level 
Measuring Aa in t^ Other Infer 

Sampling Personnel 

Ij , - -
| | Time | pH Temp i Cond Dls.0 2 Turn [ JCcni 1 Holes | 

1 I I - i 
1 1 1 I ' I II 

1 1 | 1 j! 
! I 1 1 j i 

i f 

r 1 1 
f 

r 1 ! 

f 

r 
1 

f 

r 
1 1 

f 

r 

1 1 

f 

r 

1 

f 

r 

1 I I 

f 

r 

1 1 1 1 

f 

r 

1 

f 

r 

. 1 

f 

r 

1 1 

f 

r 

1 1 1 ll 
1 I 1 ' 1 ! I 11 

1 

Type of Samples Collected 

Informirtlori: 2 !n = 617 mt'ri, 4 In = 2470 mi'tt: Vol^ = rrrh, Vol 



Figure]. ^ d W a l e r S a m p l m g L o g ^ 

Project 
Well Depth 
Sampling Device. 
Measuring Point_ 

.Site 

.Screen Length 
— Tubing type. 

Well No. .Date 
. Weil Diameter .Casing Type 

.Water Level 
.Other Infer 

Sampling Personnel. 

Time Pump Hate Turbidity Alkalinity | { ] Ccnc Notes 

1 
1 1 1 

i ypa ol Samples Colleclad 

Information: 2 in = 8T7 ml/ft. * In = 2470 ml/ft: Vol = nr'h, Vol = 43n r> 

•f> 



EQASOP-GW 001 
Region 1 Low-Stress 
(Low-Flow) SOP 
Revision Number 3 
Date. July 30, 1996 
Revised- January 19,2010 

Page 1 of 30 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
REGION I 

LOW STRESS (low flow) PURGING AND SAMPLING 
PROCEDURE FOR THE COLLECTION OF 

GROUNDWATER SAMPLES 
FROM MONITORING 

WELLS 

Quality Assurance Unit 
U.S. Environmental Protection Agency - Region 1 

11 Technology Drive 
North Chelmsford, MA 01863 

The controlled version of this document is the electronic version viewed on-line only. If this is a 
printed copy of the document, it is an uncontrolled version and may or may not be the version 
currently in use. 

This document contains direction developed solely to provide guidance to U.S. Environmental 
Protection Agency (EPA) personnel. EPA retains the discretion to adopt approaches that differ 
from these procedures on a case-by-case basis. The procedures set forth do not create any rights, 
substantive or procedural, enforceable at law by party to litigation with EPA or the United States. 

Date 

l~/<T-/<9 
Date 



# 

Revision Page 

EQASOP-GW 001 
Region 1 Low-Stress 
(Low-Flow) SOP 
Revision Number 3 
Date. M y 30, 1996 
Revised- January 19, 2010 

Page 2 of 30 

Date Rev 
# 

Summary of changes Sections 

7/30/96 2 Finalized 
01/19/10 3 Updated All sections 

. 

# 

# 



EQASOP-GW 001 
Region 1 Low-Stress 
(Low-Flow) SOP 
Revision Number: 3 
Date- July 30, 1996 

Revised: January 19,2010 
Page 3 of 30 

TABLE OF CONTENTS Page 

USE OF TERMS 4 

SCOPE & APPLICATION 5 

BACKGROUND FOR IMPLEMENTATION 6 

HEALTH & SAFETY 7 

CAUTIONS 7 

PERSONNEL QUALIFICATIONS 9 

EQUIPMENT AND SUPPLIES 9 

EQUIPMENT/INSTRUMENT CALIBRATION 13 

PRELIMINARY SITE ACTIVITIES 13 

PURGING AND SAMPLING PROCEDURE 14 

DECONTAMINATION 19 

FIELD QUALITY CONTROL 21 

FIELD LOGBOOK 21 

DATA REPORT 22 

REFERENCES 22 

APPENDIX A PERISTALTIC PUMPS 24 

APPENDIX B SUMMARY OF SAMPLING INSTRUCTIONS 25 
LOW-FLOW SETUP DIAGRAM 29 

APPENDIX C EXAMPLE WELL PURGING FORM 30 



EQASOP-GW 001 
Region 1 Low-Stress 
(Low-Flow) SOP 
Revision Number 3 
Date: July 30, 1996 
Revised- January 19, 2010 

Page 4 of 30 

USE OF TERMS 

Equipment blank. The equipment blank shall include the pump and the pump's tubing. If tubing 
is dedicated to the well, the equipment blank needs only to include the pump in subsequent 
sampling rounds. If the pump and tubing are dedicated to the well, the equipment blank is 
collected prior to its placement in the well. If the pump and tubing will be used to sample 
multiple wells, the equipment blank is normally collected after sampling from contaminated 
wells and not after background wells. 

Field duplicates: Field duplicates are collected to determine precision of the sampling procedure. 
For this procedure, collect duplicate for each analyte group in consecutive order (VOC original, 
VOC duplicate, SVOC original, SVOC duplicate, etc.). 

Indicator field parameters: This SOP uses field measurements of turbidity, dissolved oxygen, 
specific conductance, temperature, pH, and oxidation/reduction potential (ORP) as indicators of 
when purging operations are sufficient and sample collection may begin. 

Matrix Spike/Matrix Spike Duplicates: Used by the laboratory in its quality assurance program. 
Consult the laboratory for the sample volume to be collected. 

Poteniometnc Surface: The level to which water rises in a tightly cased well constructed in a 
confined aquifer. In an unconfined aquifer, the potentiometric surface is the water table. 

QAPP: Quality Assurance Project Plan 

SAP: Sampling and Analysis Plan 

SOP: Standard operating procedure 

Stabilization: A condition that is achieved when all indicator field parameter measurements are 
sufficiently stable (as described in the "Monitoring Indicator Field Parameters" section) to allow 
sample collection to begin. 

Temperature blank: A temperature blank is added to each sample cooler. The blank is 
measured upon receipt at the laboratory to assess whether the samples were properly cooled 
during transit. 

Trip blank (VOCs): Trip blank is a sample of analyte-free water taken to the sampling site and 
returned to the laboratory. The trip blanks (one pair) are added to each sample cooler that 
contains VOC samples. 
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SCOPE^APPLIOATION 

Thegoalofthisgroundwatersamplingprocedureistocollectwatersamplesthatreflectthe 
totalmobileorganic and morganicloads(dissolvedandcolloidal sized fractions) 
transported through the subsurface under ambient flow conditions, with minimal physical 
and chemical alterations from sampling operations. This standard operating procedure 
(SOP)forcollectinggroundwatersampleswillhelp ensurethattheproject^sdataquality 
objectives (DQOs)are met under certain low-flow conditions. 

TheSOP emphasizes theneed tomimmizehydraulicstressatthewell-aqmferinterfaceby 
maintammg low water-level drawdowns, and by using low pumpingratesduringpurging 
^nd sampling operations, mdicator field parameters(e.g., dissolved oxygen, pH,etc.)are 
monitored duringpurginginorderto determine whensamplecollectionmay begin. 
Samplesproperly collected usmg this SOP aresuitablefor analysis of groundwater 
contaminants(volatile and semi-volatile organic analytes, dissolved gases, pesticides, 
PC^s, metals and other inorganics), ornaturally occurring analytes. This SOP is based on 
Puls,and8arcelona(1^6). 

This procedure is designedformonitoring wells with an inside diameter(l.^-inches or 
greater) that can accommodateapositive lift pump withascreen length or open interval 
tenfeet or less and withawater level above the top ofthe screen or open interval 
(Hereafter, the "screen or openinterval" will be referred to only as "screen interval").This 
SOP is uot applicable to otherwell-sampling conditions. 

^iletheuseofdedicatedsamplingequipmentisnotmandatory,dedicated pumps and 
tubing carireducesamplmgcosts significantlyby streamlining samplingactivities and 
therebyreducingthe overall field costs. 

The goal ofthis procedure is to emphasize theneedlbrconsistencyin deploying and 
operating equipmentwhilepurgingandsamplingmonitoringwells during each sampling 
event. This will help to mmimize sampling variability 

This procedure descnbesageneralframeworkfor groundwater sampling. Other site 
^cificinformation(hydrogeological context,concepmal sitemodel(CSM),DQOs, etc.) 
coupled withsystematicplanningmust be added to theprocedure in orderto develop an 
appropriatesitespecificSAP/QAPP maddition,thesitespecificSAP/QAPPmust 
identifythe specific equipmentthatwill be used to collectthe groundwater samples. 

This procedure does not address the collection ofwaterorfi^eeproduct samples from wells 
containing free phase LNAPLsand/orDNAPLs (light or dens 
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liquids). Fortmstypeofsituation,thereadermaywishtocheck: Cohen, andMercer 
(1993) or otherpertinent documents. 

This SOP IS to be used when collecting groundwater samples from momtormg wells atall 
Superfund,PederalPacilityandRCRAsitesinRegionlundertheconditionsdescribed 
berein.RequestformodificationofthisSOP,inordertobetteraddressspecificsima^^ 
^tmdividual wells, mustincludeadequate technical justificationforproposed changes. A^l 
ohan^esandmodifications must beaonrovedandincludedinarevisedSAP/OAPP before 
implementahonrnfield. 

BACKGROUND FORIMPLEMENTATION 

l^i^ expected that the monitoringwellscreenhas been properly located (both laterally and 
^i^ally)to intercept existing contaminantplume(s)oralongflowpathsofpotential 
contammantmigration. Problems withinappropriatemonitoringwell placement or 
f^ulty/improperwell installation cannot be overcome by even the bestwater sampling 
procedures. This SOP presumes that theanalytesofinterest are moving(orwill potentially 
^ove)primarilythrough the morepermeable zones intercepted bythe screen interval. 

Froperwell construction, development, and operation andmamtenancecannot be 
overemphasized. The use ofinstallation techniques that areappropriate to the 
bydrogeologicsettmg ofthesiteof^enprevent ^problem well^simations from occurrin 
Durmgwell development, orredevelopment, tests should beconductedtodetermine the 
hydraulic characteristics ofthemonitoringwell. The data can then be used toset the 
ourging/samplingrate, andprovideabaselineforevaluatingchangesmwellperformance 
ûd the potentialneedforwell rehabilitation. Note: ifthis installation dataorwell history 

(donstructionandsampling)isnotavailableordiscoverable,forallwellstobesampled^ 
ef^rts to bmldasamplinghistoryshouldcornmencewith the next sampling event. 

The pump intake should be located within the screen interval andatadepth that will 
remam underwater atalltimesltisrecommended that theintakedepthandpumpingrate 
remainthesametbrall sampling events. Themid-pointorthelowesthistoricalmidpointof 
thesaturatedscreenlengthisoften usedas the locationofthepump intake. Fornewwells, 
orforwellswithoutpumpmtakedepthmformation,mesite^sSAP/QAPPmustprovide 
clearreasonsandinstructionsonhowthepumpintakedepth(s)willbeselected,and 
reason(s)Ibrthedepth(s) selected Ifthedepths to topandbottomofthewellscreenare 
notknown,theSAP/QAPPwillneedtodescribehowthesamplingdepth willbe 
determinedandhowthedatacanbeused. 

Stabmzationofindicatorfteldparametersisused to indicate matconditionsaresuitable^ 
samplingtobegm. Achievementofturbiditylevelsoflessthan^NTU,andstable 
drawdownsoflessthan03feet,whiledesirable,arenotmandatory Samplecollechon 
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^ystilltakeplaceprovidedmeindicatorfieldparametercriteriaintbisprocedureare 
^Llfa^er2boursofpurgmgmdicatorfieldparametersbavenotstabilized,oneof 
optionalcoursesofactionmaybetaken: a)continuepurginguntilstabmzationis 
^bieved,b)discontinuepurging,donotcollectanysamples,andrecordinlogbooktbat 
stabilization couldnot be acbieved(documentation must describe attempts to achieve 
^bilization),c)discontinuepurging,collectsamplesand provide rull explanation of 
tempts to acbievestabilization (note: tbereisarisktbattbeanalyticaldataobtained, 
^p^ciallymetals and strongly bydropbobicorganic analytes, mayreflectasampling bias 
^ d therefore, medatamaynotmeettbedataqualityobjectivesoftbesamplingevent). 

I^i^^commended that low-flow samplmgbeconducted when the airtemperatureisabove 
^^(0^C).Iftheprocedureisusedbelow32^,specialprecautionswillneedtobetaken 
^preventthegroundwaterfromfreezingintheequipment. because sampling during 
fr^zingtemperaturesmayadverselyimpactthedataquality objectives, theneedforwater 
^rnplecollectionduringmonthswhentheseconditionsarelikelytooccurshouldbe 
evaluated duringsiteplanningandspecialsamplingmeasuresmayneed to bedeveloped. 
^ ^ ^ ^ t i o n in the fiow-through-cell will cause the monitoringprobes to act erratical̂ ^̂  
Atransparentflow-tb^ough-cellneeds to beused to observe ificeisforminginthecell. If 
restarts toform on theotherpiecesofthesampling equipment, additional problems may 
occur. 

HEAUTH^SAFETY 

^^uwprking on-site, complywithallapphcableOSIIArequirements and thesite^s 
^l^afetyprocedures. All properpersonal protection clothing and equipment areto be 
^m.Somesamplesmay contain biological and chemicalhazards.Thesesamples should 
be bandied witb suitable protection to skin, eyes, etc. 

CAUTIONS 

Thefollowmgcautionsneed to beconsidered when planningto collect groundwater 
samples wben tbe below conditions occur. 

Iftbe groundwater degassesdurmgpurgingoftbemonitoringwell, dissolved gasesand 
^ C s will be lost.^henthishappens, the groundwater datafordissolvedgases(e.g., 
metbane,etbene,etbane,dissolvedoxygen,etc.)andVOCswillneedtobequalified 
Someconditionstbatcanpromotedegassingaretbeuseofavacuumpump(e.g.,peristaltic 
pumps), cbangesmapermrealongtbesamplingmbing,andsqueezing/pmcbingtbe 
pump ŝtubmg which results inapressure change. 

^encollectingtbesamplesfordissolvedgasesandVOOsanalyses,avoidaeratingtbe 
groundwaterintbepump^stubing TbiscancauselossoftbedissolvedgasesandVOCsin 
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^groundwater. Havingmepump^smbingcompletelyrilledpriortosamplingwi 
^bisproblem wbenusingacentnrugalpump orpenstalticpump. 

direct sun ligbtandbot ambient airtemperatures may cause tbe groundwaterin me tubing 
^dtlow-tbrougb-cell to beat up.Tbis may cause tbe groundwatertodegaswbicb will 
r^ultmlossofVOCs and dissolved gases, ^ensamplingundertbeseconditions, tbe 
^rnplerwillneed to sbadetbeequipmentn^om tbe sumigbt(e.g., umbrella, tent, etc.) ^ 
^ssible,samplingonbotdays,orduringtbebottesttimeoftbeday,sbouldbeavoided. 
^bibingexmngtbemonitoringwellsbouldbekeptassbortaspossible to avoid tbesun 
ligbt or ambient arrrrombeatmg up tbe groundwater. 

Thermal currents in tbe momtoringwellmay cause vertical mixing ofwaterin tbe well 
bore.^ben tbe airtemperatureiscoldertban tbe groundwatertemperature,itcan cool tbe 
^ooftbe water column.Colderwaterwbicb is densertban warm water sinks to tbe 
bottom oftbewell and tbe warmerwaterattbe bottom oftbewellrises,settingupa 
invention cell."Duringlow-rlowsamplmg,tbepumpedwatermaybeamixmreof 
^nvectingwaterrromwitbintbewellcasmgandaquiferwatermovmgmwardtlirougbtbe 
^reen.Tlnsmixingofwaterduringlow-rlowsamplingcansubstantiallyincrease 
^umbration times, can causefalse stabilization ofindicatorparameters, can give ^ 
^dicationofredox state, andcanprovidebiologicaldatatbatarenotrepresentativeoftbe 
aquifer conditions^ (Vroblesky2007). 

Failure to calibrateorperformpropermaintenance on tbe sampling equipment and 
measnrementinstrnments^g.,dissolved oxygenmeter,etc^canresnltinfaulty da 
being collected. 

^rferencesmayresultfrom using contaminated equipment, cleanmgmaterials,sample 
containers, oruncontrolledambientBsurroundingairconditions(e.g.,truckBvebicleexbaust 
nearby). 

^osscontammatronproblemscanbeeliminatedorminimized through tbe useof 
dedicatedsamplingequipmentand/orproperplanningtoavoidambientairinterferences. 
Note tbat tbe useofdedicatedsamplingequipmentcanalsosigniricantlyreducetbetime 
neededtocompleteeacbsamplingevent,willpromoteconsistencyintbesampling, and 
mayreducesamplingbiasbybavingtbepump^sintakeataconstantdeptb. 

Cleananddecontaminateallsamplingequipmentpriortouse.Allsamplmgequmment 
needstoberoutinelycbeckedtoberreerromcontaminantsandequipmentblankscollected 
^cnsurethattheequipmentisfreeofcontaminaots.Checkthepreviousequipmentblank 
datafortbesite(iftbeyexist)todetermineiftbepreviouscleaningprocedureremove 
contaminants. lfcontaminantsweredetectedandtheyareaconcern,thenamorevigorous 
cleanmgprocedure will be needed. 
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PERSONNEUQUAUIEICATIONS 

All field samplers working atsitescontaininghazardous waste mustmeetthe requirements 
oftheOSHAregulations. OSHAregulationsmayrequirethesamplerto take the^O hour 
OSHA health and safetytraining course andaref̂ esher course priorto engaging in any 
fi^ld activities, dependingupon the site and field conditions. 

The field samplers must be trained priorto the useofthe sampling equipment, field 
i^truments, and procedures.Training is to beconducted by an experienced sampler 
before initiating any samplingprocedure. 

Theentiresamplingteamneedstoread,andbefamiliarwith,thesiteHealthandSafety 
Fi^,allrelevantSOPs,andSAP/QAPP(andthemostrecentamendments) before going 
onsiteforthesamplingevent. Itisrecommendedthatthefieldsamplingleaderattesttothe 
understanding ofthesesitedocumentsandthatitis recorded. 

EQUIPMENT AND SUPPLIES 

A. Informational materials for sampling eveut 

AcopyofthecurrentHealthandSafetyPlan,SAP/QAPP,monitoringwell construction 
data, loeationmap(s),fielddatafromlastsamplingevent,manualsforsampling, and tbe 
monitormginstruments^operation,maintenanee,andoalibrationmanuals should be 
brought to the site. 

B. Welll^eys. 

^Extraction device 

Adjustablerate,submersiblepumps(e.g.,centrimgal, bladder, etc.)whicharec 
of stainlesssteel or Teflon arepreferred.Notetif extraction devicesconstructed of other 
materials are to be used, adequate mformationmustbeprovided to showtbatthe 
substitutedmaterials do not leach contaminants nor cause interferences to the analytical 
procedures to be used. Accentanceofthesematerialsmustbeobtainedbefore the 
sampling event. 
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Ifbladderpumpsareselectedforthe collection ofVOCs and dissolved gases, thepump 
settmg should be set so that one pulse will deliverawatervolume that is sufficient to 
filla^OmL VOC vial. Thisisnotmandatory,butisconsidereda"bestpractice^. Forthe 
proper operation, tbe bladderpump will needammimum amount ofwater above the 
pump-consult the manufacturerforthe recommended submergence. The pump̂ s 
recommended submergence value should be determined during the planning stage, since it 
may influence well construction and placement ofdedicated pumps where water-level 
fluctuations are significant. 

Admstablerate,peristalticpumps(suction)are to be used with caution when collecting 
^amplesforVOCs and dissolved gases(e.g., methane, carbon dioxide, etc.)analyses. 
Additional information on the useofperistaltic pumps can befoundinAppendix A. 
Ifperistaltic pumps are used, the inside diameter oftherotorheadtubingneeds to match 
theinsidediameterofthetubinginstalledinthemonitoringwell. 

mertial pumping devices (motor driven or manual) are notrecommended. These devices 
frequently cause greater disturbancedurmgpurgmg and sampling, and are less easily 
controlled than submersiblepumps (potentially increasingturbidrty and sampling 
vanability,etc). This can lead to samphngresultsthatareadverselyaffectedbypurging 
and sampling operations, andahigher degree of data variability. 

D. Tubing 

TeflonorTeflon-linedpolyetbylenetubingareprelerredwhensamplingis to include 
VOCs,SVOCs, pesticides, PCBs and inorganics.Notetifmbing constructed o 
materials is to be used, adequate informationmust be provided to show that tbe substituted 
materials do not leach contaminants nor cause interferences to tbe analytical procedures to 
be used. Acceptance oftbese materials must be obtained betore tbe sampling event. 

PVCpolypropyleneorpolyethylenetubingmay be used when collecting samplesfor 
metal and other inorganics analyses. 

The useofl/4 inch or^inch(insidediameter)mbingisrecommended.Thiswillhelp 
ensurethatmetubingremaihshquid filled when operating atverylowpumpingrateswhen 
using centrifugal and peristaltic pumps. 

Silastic tubingshould boused ^brthesectionaroundtherotorheadofaperistalticpump. 
Itshouldbelessthana^otinlength.Theinsidediameterofthetubingusedatthepump 
rotor headmust be thesameastheinsidediameterofmbingplacedin the well.Atubing 
cormectorisusedtocormectthepumprotorheadtubingtothewelltubmg. Alternatively, 
thetwopiecesoftubmgcanbeconnectedtoeachotherbyplacingtheoneendofthe 
tubinginsidetheendoftheothertubmg.Thetubingmustnotbereused 
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E. The water level measuring device 

Electronic "tape", pressure transducer, water level sounder/level indicator, etc. should be 
capable of measuring to 0.01 foot accuracy. Recording pressure transducers, mounted 
above the pump, are especially helpful in tracking water levels during pumping operations, 
but their use must include check measurements with a water level "tape" at the start and 
end of each sampling event. 

F. Flow measurement supplies 

Graduated cylinder (size according to flow rate) and stopwatch usually will suffice. 

Large graduated bucket used to record total water purged from the well. 

G. Interface probe 

To be used to check on the presence of free phase liquids (LNAPL, or DNAPL) before 
purging begins (as needed). 

H. Power source (generator, nitrogen tank, battery, etc.) 

When a gasoline generator is used, locate it downwind and at least 30 feet from the well so 
that the exhaust fumes do not contaminate samples. 

I . Indicator field parameter monitoring instruments 

Use of a multi-parameter instrument capable of measuring pH, oxidation/reduction 
potential (ORP), dissolved oxygen (DO), specific conductance, temperature, and coupled 
with a flow-through-cell is required when measuring all indicator field parameters, except 
turbidity. Turbidity is collected using a separate instrument. Record equipment/instrument 
identification (manufacturer, and model number). 

Transparent, small volume flow-through-cells (e.g., 250 mLs or less) are preferred. This 
allows observation of air bubbles and sediment buildup in the cell, which can interfere with 
the operation of the monitoring instrument probes, to be easily detected. A small volume 
cell facilitates rapid turnover of water in the cell between measurements of the indicator 
field parameters. 
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It is recommended to use a flow-through-cell and monitoring probes from the same 
manufacturer and model to avoid incompatibility between the probes and flow-through-

Turbidity samples are collected before the flow-through-cell. A "T" connector coupled 
with a valve is connected between the pump's tubing and flow-through-cell. When a 
turbidity measurement is required, the valve is opened to allow the groundwater to flow 
into a container. The valve is closed and the container sample is then placed in the 
turbidimeter. 

Standards are necessary to perform field calibration of instruments. A minimum of two 
standards are needed to bracket the instrument measurement range for all parameters 
except ORP which use a Zobell solution as a standard. For dissolved oxygen, a wet 
sponge used for the 100% saturation and a zero dissolved oxygen solution are used for the 
calibration. 

Barometer (used in the calibration of the Dissolved Oxygen probe) and the conversion 
formula to convert the barometric pressure into the units of measure used by the Dissolved 
Oxygen meter are needed. 

J. Decontamination supplies 

Includes (for example) non-phosphate detergent, distilled/deionized water isopropyl 
alcohol, etc. 

K. Record keeping supplies 

Logbook(s), well purging forms, chain-of-custody forms, field instrument calibration 
forms, etc. 

L. Sample bottles 

M. Sample preservation supplies (as required by the analytical methods) 

N. Sample tags or labels 

O. PID or FID instrument 

If appropriate, to detect VOCs for health and safety purposes, and provide qualitative field 
evaluations. 
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P. Miscellaneous Equipment 

Equipment to keep the sampling apparatus shaded in the summer (e.g., umbrella) and from 
freezing in the winter. If the pump's tubing is allowed to heat up in the warm weather, the 
cold groundwater may degas as it is warmed in the tubing. 

EQUIPMENT/INSTRUMENT CALIBRATION 

Prior to the sampling event, perform maintenance checks on the equipment and 
instruments according to the manufacturer's manual and/or applicable SOP. This will 
ensure that the equipment/instruments are working properly before they are used in the 
field. 

Prior to sampling, the monitoring instruments must be calibrated and the calibration 
documented. The instruments are calibrated using U.S Environmental Protection Agency 
Region 1 Calibration of Field Instruments (temperature, pH, dissolved oxygen, 
conductivity/specific conductance, oxidation/reduction [ORPJ, and turbidity), January 19, 
2010, or latest version or from one of the methods listed in 40CFR136, 40CFR141 and 
SW-846. 

The instruments shall be calibrated at the beginning of each day. If the field measurement 
falls outside the calibration range, the instrument must be re-calibrated so that all 
measurements fall within the calibration range. At the end of each day, a calibration check 
is performed to verify that instruments remained in calibration throughout the day. This 
check is performed while the instrument is in measurement mode, not calibration mode. If 
the field instruments are being used to monitor the natural attenuation parameters, then a 
calibration check at mid-day is highly recommended to ensure that the instruments did not 
drift out of calibration. Note: during the day if the instrument reads zero or a negative 
number for dissolved oxygen, pH, specific conductance, or turbidity (negative value only), 
this indicates that the instrument drifted out of calibration or the instrument is 
malfunctioning. If this situation occurs the data from this instrument will need to be 
qualified or rejected. 

PRELIMINARY SITE ACTIVITIES (as applicable) 

Check the well for security (damage, evidence of tampering, missing lock, etc.) and record 
pertinent observations (include photograph as warranted). 

If needed lay out sheet of clean polyethylene for monitoring and sampling equipment, 
unless equipment is elevated above the ground (e.g., on a table, etc.). 
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Remove well cap and if appropriate measure VOCs at the rim of the well with a PED or 
FID instrument and record reading in field logbook or on the well purge form. 

If the well casing does not have an established reference point (usually a V-cut or indelible 
mark in the well casing), make one. Describe its location and record the date of the mark 
in the logbook (consider a photographic record as well). All water level measurements 
must be recorded relative to this reference point (and the altitude of this point should be 
determined using techniques that are appropriate to site's DQOs. 

If water-table or potentiometric surface map(s) are to be constructed for the sampling 
event, perform synoptic water level measurement round (in the shortest possible time) 
before any purging and sampling activities begin. If possible, measure water level depth 
(to 0.01 ft.) and total well depth (to 0 1 ft.) the day before sampling begins, in order to 
allow for re-settlement of any particulates in the water column. This is especially 
important for those wells that have not been recently sampled because sediment buildup in 
the well may require the well to be redeveloped. If measurement of total well depth is not 
made the day before, it should be measured after sampling of the well is complete. All 
measurements must be taken from the established referenced point. Care should be taken 
to minimize water column disturbance. 

Check newly constructed wells for the presence of LNAPLs or DNAPLs before the initial 
sampling round. If none are encountered, subsequent check measurements with an 
interface probe may not be necessary unless analytical data or field analysis signal a 
worsening situation. This SOP cannot be used in the presence of LNAPLs or DNAPLs. If 
NAPLs are present, the project team must decide upon an alternate sampling method. All 
project modifications must be approved and documented prior to implementation. 

If available check intake depth and drawdown information from previous sampling 
event(s) for each well. Duplicate, to the extent practicable, the intake depth and extraction 
rate (use final pump dial setting information) from previous event(s). If changes are made 
m the intake depth or extraction rate(s) used during previous sampling event(s), for either 
portable or dedicated extraction devices, record new values, and explain reasons for the 
changes in the field logbook. 

PURGING AND SAMPLING PROCEDURE 

Purging and sampling wells in order of increasing chemical concentrations (known or 
anticipated) are preferred. 

The use of dedicated pumps is recommended to minimize artificial mobilization and 
entrapment of particulates each time the well is sampled. Note that the use of dedicated 
sampling equipment can also significantly reduce the time needed to complete each 
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sampling event, will promote consistency in the sampling, and may reduce sampling bias 
by having the pump's intake at a constant depth. 

A. Initial Water Level 

Measure the water level m the well before installing the pump if a non-dedicated pump is 
being used. The initial water level is recorded on the purge form or in the field logbook. 

B. Install Pump 

Lower pump, safety cable, tubing and electrical lines slowly (to minimize disturbance) into 
the well to the appropriate depth (may not be the mid-point of the screen/open interval). 
The Sampling and Analysis Plan/Quality Assurance Project Plan should specify the 
sampling depth (used previously), or provide criteria for selection of intake depth for each 
new well. If possible keep the pump intake at least two feet above the bottom of the well, 
to minimize mobilization of particulates present in the bottom of the well. 

Pump tubing lengths, above the top of well casing should be kept as short as possible to 
minimize heating the groundwater in the tubing by exposure to sun light and ambient air 
temperatures. Heating may cause the groundwater to degas, which is unacceptable for the 
collection of samples for VOC and dissolved gases analyses. 

C. Measure Water Level 

Before starting pump, measure water level. Install recording pressure transducer, if used to 
track drawdowns, to initialize starting condition. 

D. Purge Well 

From the time the pump starts purging and until the time the samples are collected, the 
purged water is discharged into a graduated bucket to determine the total volume of 
groundwater purged. This information is recorded on the purge form or in the field 
logbook. 

Start the pump at low speed and slowly increase the speed until discharge occurs. Check 
water level. Check equipment for water leaks and if present fix or replace the affected 
equipment. Try to match pumping rate used during previous sampling event(s). 
Otherwise, adjust pump speed until there is little or no water level drawdown. If the 
minimal drawdown that can be achieved exceeds 0.3 feet, but remains stable, continue 
purging. 
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monitor andrecord tbe water level and pumpingrateeveryfivemmntes(or as appropriate) 
^uringpu^gmg. Record anypnmpingrateadjnstments(bom time andfi 
rates sbomd, as needed, be reduced to tbe minimnm capabilities oftbe pump to ensure 
^bm^ation oftbe water level. Adjustmentsarebestmade in tbe first fi^ 
^mpinginordertobelpmmimizepurgmgtime.Ouringpump start-up, drawdownmay 
^eedtbe0.3feettarget and tben''recovers SOmewbataspumpfiow adjustments are 
rnade. Purge volumecalculationssbouldutmzestabilized drawdown value, nottbemi^^^ 
drawdown. I f tbe in i f ia l water levelis above tbe topoftbescreen do notallowtbe water 
i^ol to fi^lli^o tbe well screen.Tbe final purge volumemust be greatertban tbe 
^bilizeddrawdownvolumeplustbepump'stubingvolume.lftbedrawdownbas 
deeded 0.3 feet and stabilizes, calculate tbe volume ofwater between tbe initial water 
^ 1 and tbestabilized water level. Add tbevolumeoftbewaterwbicb occupies tbe 
oump'stubingtotbiscalculation.Tbiscombmedvolumeofwaterneedstobepurged 
^omtbewellafiertbewaterlevelbas stabilized beforesamplesarecollected. 

Avoid tbe useof constriction deviceson tbe tubingtodecrease tbe fiowrate because tbe 
^nstrictorwillcauseapressuredifferenceintbewatercolumn.Tbiswillcausetbe 
^undwaterto degas andresultinalossofVOCsanddissolvedgassesmtbegroundwater 
samples. 

^tettbefiowrateusedtoacbieveastablepumpinglevelsbouldremainconstantwbile 
rnonitoringtbeindicatorparametersforstabilizationandwbilecollectingtbesamples. 

^ i ^^ lowrecba rge ratesmayrequire tbe useof special pumps capableof attaining 
^rylowpumpmgrates(e.g.,bladder,peristaltic), and/ortbeuseofdedicatedequipn^^^ 
^rnewmonitoringwells,orwellswberetbeIbllowingsituationbasnotoccurredbefore, 
^tberecoveryratetotbewellislesstban50ml^min.,ortbewellisbemg essentially 
^^redduringpurging, tbe wellsbouldbesampledassoonastbe water levelbas 
^coveredsufficientlytocollectmevolumeneededforallanficipatedsamples.Tbeproject 
^anagerorfieldteamleaderwillneedtomaketbedecisionwbensamplessbouldbe 
^llected,bowtbesampleistobecollected,andtbereasonsrecordedontbepurgeformor 
^rbe field logbook. Awaterlevelmeasurementneeds to beperformedandrecorded 
^resamplesarecollected.lftbeprojectmanagerdecidestocollecttbesamplesusmg 
^oump, itisbestduringtbisrecoveryperiodtbattbepump intaketubingnotbe 
r^oved,sincetluswillaggravateanyturbidityproblems.Samplesintbisspecific 
^ationmaybecollectedwitbou^ 

^^^onditionsandef^rts to overcomeproblematicsituationsmustberecordedin order 
^osupportfield decisions todeviatefromnormalproceduresdescribed in tbisSOP.Iftbis 
^ofproblematicsituationpersistsinawell,tbenwatersamplecollecbonsbouldbe 
^godtoapassiveorno-purgememod,ifconsistentwitbtbesite'sDQOs,orbaveanew 
well installed. 
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E, Monitor Indicator Field Parameters 

Afrertbe water levelbas stabilized, connecttbe^T^connectorwitbavalve and tbe fiow-
tbrougb-cell to monitortbe indicator field parameters,lfexcessivoturbidityis anticipated 
or encountered witb tbe pump startup, tbe well may bepurgedforawbile without 
connectingup the fiow-tlutough-cell, in ordertorninimizeparticulate buildup in tbe 
(This isajudgment call made bythe sampler), Water level drawdownmeasurements 
should be made as usual. Impossible, the pump maybe installed tbodaybeforepurgingto 
allow particulates thatwere disturbed duringpump insertion to settle, 

Duringwellpurging,monitorindicatorfieldparameters(turbidity, temperature, specific 
conductance, pH,OP^,DO)atafrequencyoffiveminuteintervalsor greater, 
fiowrate must be able to "turn over" at leastonefiow-through-cell volume between 
n^easurements(ibra250mLfiow-tl^ougb-cellwitbafiowrateof50mLs/min,the 
^omtoringfrequencywouldbeeveryfiveminutes-fora500mLfiow-tb^oug^^ 
^ould be everytenminutes),lfthe cell volumecannot be replaced in the five minute 
u t̂erval, then tbe time betweenmeasurementsmUst be increasedaccordingly,N^te_h^^ 
theearlvohaseofpur^in^emohasisshouldbeoutonmmimizm^andstabilizin^numom^ 
stress, andrecordin^thoseadiustmentsfollowedbvstabilizationofindicatornarameters^ 
Pur^in^isconsidered complete andsamnlin^mavbe^nwhenall theabove indicatorfield 
parameters havestabilized, Stabilizationis considered to be achieved when three 
consecutive readings are within the followin^ limits: 

Turbidity (10% tbrvaluesgreaterthan51^^ifthreeTurbidityvalues are 1̂ ^̂  
than5NTU,considerthevalues as stabilized), 

Dissolved Oxygen (10%forvaluesgreaterman 0.5 mg/L, iftbree Dissolved 
Oxygen values are less than 0,5 mg/L, considerthe values as 
stabilised), 

Specific Oonductance (3%), 
Temperature (3%), 
pH(^O.lunit), 
Oxidation/Reduction Potential(^lOmillivolts), 

Allmeasurements,exceptturbidity,mustbeobtainedusingafiow-through-cell,Samples 
forturbiditymeasurements areobtainedbeforewater enters the fiow-through-cell. 
Transparent fiow-through-cellsarepreferred,becausethey allow field personnel to watch 
^particulate build-up w i ^ 
values measured witbmtbeoell,^tbeeellneedstobeoleanedduringpurging operations, 
continue pumpmg and disconnect cellar cleaning, menreconnect after cleaning and 
continue monitoringactivities.Recordstartandstop times and giveabrief description of 
cleaning activities. 
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Tbe flow-tbrougb-cellmustbedesignedmawaytbat prevents gas bubble entrapment in 
tbe cell. Flacingtbeflow-tb^OUgb-cellata45 degree angle witbtbeportfacmgupward can 
belp remove bubbles from tbe flow-tbrougb-cell(seeAppendix8Low-Flow Setup 
Diagrams All during tbe measurementprocess, tbe flow-tbrougb-cellmustremain free of 
any gas bubbles. Otherwise, tbe monitoringprobesmayact erratically. Wben tbe pump is 
turned off or cycling on/off (when usingabladderpump), water in thecell must not drain 
out. Momtoring probes must remain submerged in water at all times. 

F. Collect WaterSampies 

When samples arecollectedforlaboratory analyses, thepump'stubingis disconnected 
from tbe^conriectorwithavalve and the flow-through-cell. The samples are collected 
directlyfromthepump's tubing. Samples mustnotbecollected from the flow-through-cell 
orfromtbe"T"connectorwithavalve. 

VOC samples arenormallycollected first and directlyintopre-preserved sample 
containers.However, this maynot be tbecasefr^r all sampling locations-the SAF/QAFF 
should listtheordermwhichthesamples are to be collected based on the project's 
objective(s).Fill all sample containers by allowingthepump discbarge to flow gently 
down tbe inside ofthecontainerwithminimal turbulence. 

Ifthepump'sflowrateistoohightocollecttheVOC/dissolvedgasessamples,collecttbe 
otber samples flrst. Lowerthepump'sflow rate toareasonable rate and collectthe 
VOC/dissolyed gases samples andrecord the new flowrate. 

Ouringpurgingand sampling,thecentrimgal/peristalticpumptubingmustremainfilled 
witbwatertoavoidaerationofmegroundwater. Itisrecommendedtbat 1/4incbor3/8 
mcb (inside diameter) tubing be used to belp insure tbat tbe sample tubingremams water 
fl^lfrhepumptubingisnotcompletelyfilled to thesamplingpomt,usethe allowing 
proceduretocollectsamplestcollectnon-VOC/dissolvedgasessamples first, thenincrease 
flowrateshghtlyuntilthewatercompletelyfillsthetubing,collecttheVOC/dissolved 
gases samples, and record new drawdown deptbandflowrate. 

For bladderpumpsthatwill be used tocollect VOC or dissolved gas samples, itis 
rocommendedthatthepumpbesettodeliverlongpulsesofwaterso that onepulsewfll fill 
a40mLVOCvial. 

Usepre preservedsamplecontamersoraddpreservative, asrequiredbyanalytical 
methods, to tbesamplesimmediatelyafrertbeyarecollected.Cbecktbeanalyticalmetbods 
(eg.EFASW846,40CFR136,watersupply,etc.)^radditionalin^^ 
preservation. 
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If determination of filtered metal concentrations is a sampling objective, collect filtered 
water samples using the same low flow procedures. The use of an in-line filter (transparent 
housing preferred) is required, and the filter size (0.45 ̂ m is commonly used) should be 
based on the sampling objective. Pre-rinse the filter with groundwater prior to sample 
collection. Make sure the filter is free of air bubbles before samples are collected. 
Preserve the filtered water sample immediately. Note: filtered water samples are not an 
acceptable substitute for unfiltered samples when the monitoring objective is to obtain 
chemical concentrations of total mobile contaminants in groundwater for human health or 
ecological risk calculations. 

Label each sample as collected. Samples requiring cooling will be placed into a cooler 
with ice or refrigerant for delivery to the laboratory. Metal samples after acidification to a 
pH less than 2 do not need to be cooled. 

G. Post Sampling Activities 

If a recording pressure transducer is used to track drawdown, re-measure water level with 
tape. 

After collection of samples, the pump tubing may be dedicated to the well for re-sampling 
(by hanging the tubing inside the well), decontaminated, or properly discarded. 

Before securing the well, measure and record the well depth (to 0.1 ft.), if not measured the 
day before purging began. Note: measurement of total well depth annually is usually 
sufficient after the initial low stress sampling event However, a greater frequency may be 
needed if the well has a "silting" problem or if confirmation of well identity is needed. 

Secure the well. 

DECONTAMINATION 

Decontaminate sampling equipment prior to use in the first well and then following 
sampling of each well. Pumps should not be removed between purging and sampling 
operations. The pump, tubing, support cable and electrical wires which were in contact 
with the well should be decontaminated by one of the procedures listed below. 

The use of dedicated pumps and tubing will reduce the amount of time spent on 
decontamination of the equipment. If dedicated pumps and tubing are used, only the initial 
sampling event will require decontamination of the pump and tubing. 
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Note i f tbe previous equipment blank data showed that contaminant(s)were present after 
usmg me below procedure orthe one described in the SAP/QAPP,amore vigorous 
procedure may be needed, 

Procedure! 

Decontaminating solutions can be pumped from either buckets or shortPVCcasing 
sections through tbepump and tubing. The pump may be disassembledand flushed with 
tbe decontaminating solutions. It is recommended tbat detergent and alcobol be used 
sparingly in tbe decontamination process and water flushing steps be extended to ensure 
tbat any sediment trapped in tbe pump is removed, Tbepumpextenorand electrical wires 
must be rinsed witb tbe decontaminating solutions, as well, Tbe procedure is as follows: 

Flush the equipment/pump with potable water. 

Flush with non-phosphate detergentsolution,lftbe solution is recycled, the solutionmust 
be changed periodically. 

Flush with potable or distilled/deionizedwaterto remove all oftbe detergent solution. If 
the wateris recycled, tbe watermust be changed periodically, 

Optional-flush with isopropyl alcohol (pesticide graded must be freeofketones^e,g,, 
acetone^orwithmethanol. This step may be required ifthewell is highly contaminated or 
iftbe equipment blank data from the previous sampling event show that the level of 
contaminants is significant. 

Flush with distilledBdeionized water. This step mustremove all traces of alcohol (if used) 
from tbe equipment, Tbe final water rinse must not be recycled. 

Procedures 

Steam clean the outsideofthe submersible pump 

Pump hotpotable water from the steam cleanerthrough the insideofthepump,Thiscan 
be accomplishedbyplacingtbepumpinsideathreeorfourincbdiameterPVCpipewith 
end cap, Ffotwaterfrom the steam cleanerjetwillbedirected inside the PVCpipe and the 
pump exteriorwill be cleaned,Thehotwaterfrom the steam cleanerwill then bepumped 
from thePVCpmethroughmepump andcollectedintoanothercontainer. Note: additives 
or solutions should not be added to me steam cleaner. 

Pump non-phosphatedetergent solution through the msideofthe pump, rfthe solutionis 
recycled, the solution mustbechangedperiodically. 
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Pump potahlewaterthrough the inside ofthepump to remove all ofthe detergent solution. 
Ifthe solution is recycled, the solution must he changed periodically. 

Pump distilled/deionizedwaterthroughthepump.The final waterrinse must not he 
recycled. 

FIELDQUALITY CONTROL 

Quahty control samples are required to verifythat the sample collection and handling 
process has not compromised the quality ofthegroundwatersamples. All field quality 
control samples musthe prepared the same as regularmvestigation samples withregard to 
sample volume, containers, and preservation. Quality control samples include field 
duplicates, equipment hlanks, matrix spike/matrix spike duplicates, trip hlanks(VOCs), 
and temperature hlanks. 

FIELD LOCBOOK 

Afield log shall he kept to document allgroundwaterfield monitoring activities(see 
Appendix C, example tahle), and record thefollowingtbr each well: 

Site name, municipality,state. 

Well identifier, latitude-longitude orstate grid coordinates. 

Measuringpointdescnption(e.g., north sideofPVC pipe). 

Well depth, and measurement technique. 

Well screen length. 

Pump depth. 

Static water level depth, date, time and measurement technique. 

Presence and tl^cknessofimmiscihle liquid (NAPL) layers and detectionmethod. 

Pumpingrate, drawdown, indicatorparameters values, calculatedormeasuredtotal volume 
pumped, and clock time of each set ofmeasurements. 

Type oftuhmgused and its length. 
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of pump used. 

Clock time ofstart and end ofpurging and sampling activity. 

Types of sample bottles used and sample identificationnumbers. 

Preservatives used. 

Parameters requestedfor analyses. 

Field observations during sampling event. 

Name of sample collector(s) 

Weatber conditions, including approximate ambient airtemperature. 

QA/QC data for field instruments. 

Anyproblems encountered sbould be bigbligbted. 

l^oscriptionofallsampling/momtoringequipmentused,includingtradenames,model 
number, instrument identificationnumber, diameters, matenal composition, etc. 

DATAREPORT 

Datareports are to include laboratory analytical results, QA/QC information, field 
iudicatorparameters measured duringpurging,fieldinstrumentcalmrationinformati 
and wbateverotberfield logbook informabonis needed to allowforafull evaluation of 
data usability. 

Note: tbe use oftrade, product, or firm names in tbissamplingprocedureisfor descriptive 
purposes only and does not constitute endorsement bytbeU.S. EPA. 
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APPENDIX A 
PERISTALTIC PUMPS 

Before selecting a peristaltic pump to collect groundwater samples for VOCs and/or 
dissolved gases (e.g., methane, carbon dioxide, etc ) consideration should be given to the 
following: 

' The decision of whether or not to use a peristaltic pump is dependent on the 
intended use of the data. 

• If the additional sampling error that may be introduced by this device is NOT of 
concern for the VOC/dissolved gases data's intended use, then this device may be 
acceptable. 

• If minor differences in the groundwater concentrations could effect the decision, 
such as to continue or terminate groundwater cleanup or whether the cleanup goals 
have been reached, then this device should NOT be used for VOC/dissolved gases 
sampling. In these cases, centrifugal or bladder pumps are a better choice for more 
accurate results. 

EPA and USGS have documented their concerns with the use of the peristaltic pumps to 
collect water sample in the below documents. 

• "Suction Pumps are not recommended because they may cause degassing, pH 
modification, and loss of volatile compounds"^ Compendium of Superfund Field 
Operations Methods, EPA/540/P-87/001, December 1987. 

• "The agency does not recommend the use of peristaltic pumps to sample ground 
water particularly for volatile organic analytes" RCRA Ground-Water Monitoring 
Draft Technical Guidance, EPA Office o f Solid Waste, November 1992 

• "The peristaltic pump is limited to shallow applications and can cause degassing 
resulting in alteration of pH, alkalinity, and volatiles loss", Low-flow (Minimal 
drawdown) Ground-Water Sampling Procedures, by Robert Puis & Michael 
Barcelona, April 1996, EPA/540/S-95/504. 

• "Suction-lift pumps, such as peristaltic pumps, can operate at a very low pumping 
rate; however, using negative pressure to lift the sample can result in the loss of 
volatile analytes", USGS Book 9 Techniques of Water-Resources Investigation, 
Chapter A4. (Version 2.0,9/2006). 
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ARPENDfXB 

Sl^MARYOFSAIvIRLl^G INSTRUCTION 

These mstrucbonsareforusing an adjustable rate, submersiblepumporaperistaltic pump 
^itbthepump'smtakeplacedatthemidpointofalOtbot or less well screen oran open 
interval.The water level in tbe monitoringwell is above the top ofthe well screen or open 
internal, the ambienttemperamre is above 32^F,and the equipment is not dedicated.Field 
instruments are already calibrated.The equipment is setup according to tbe diagram at tbe 
end of these instructions. 

1. Reviewwellinstallationinformation. Record well depth, length of screen or open 
interval, and depth to top ofthe well screen. Determine thepump'sintakedepth(e.g., 
mid-point of screen/open interval). 

2. On tbe day ofsamphng, check security ofthe well casing, perform any safety checks 
neededforthe site, lay outasheetofpolyethylene around the well(ifnecessary), and setup 
tbeequipment. Ifnecessaryacanopyoran equivalent item can be setup to shade the 
pump'stubing and flow-through-cell from the sun light to preventthe sun light from 
heating the groundwater. 

3. Checkwellcasingforareferencemark.lfmissing,makeareferencemark. Measure 
thewater level (initial) toO.Olfr.andrecord this mformation. 

^h^stallthepump'smtake to the appropriatedepth(e.g.,midpoint) ofthe well screen or 
open interval.Do not tum-on the pump at this time. 

5. Measure water level and record this intbrmation. 

6. Tum-on the pump and discharge the groundwaterintoagraduated waste bucket. Slowly 
iucreasetheflowrate until thewaterlevelstarts to drop. Reduce the flowrateslightly so 
tbewater level stabilizes. Record thepump'ssettings.Calculate the flowrateusinga 
graduated containerandastop watch. Record the flowrate. Do notletthe water level drop 
below the top ofthe well screen. 

Iftbe groundwaterisbighlyturbidorcolored, continue todischargethewaterinto the 
oucketuntilmewaterclears(visual observation); thisusuallytakesafewminutes,The 
turbid orcoloredwaterisusuallyfromthewellbemg disturbed duringthepump 
mstallation.ffthe water doesnot clear, then youneed to makeachoicewhetherto 
contmuepurgingthewell(hopingthatitwillclearafIerareasonabletime)orcontinueto 
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^cnextstep.Note,itissometimeshelpml to install thepumpthedayhefore the samplmg 
oventso that the disturbed materials in the well cansettleout. 

^frhe water level drops to tbe top ofthe well screen duringthepurgmgofthewell, stop 
purgingtbewell,anddo tbe following: 

Waitforthe well to recharge toasufficientvolumeso samples can be collected. 
This maytakeawhile(pumpmayberemoved from well, ifturbidityisnota 
problem).Theprojectmanagerwillneedtomakethedecisionwhensamples 
^bould becollectedandthereasons recorded in thesite'slog book. Awater level 
rneasurementneeds to beperformedandrecordedbefore samples are collected. 
Whensamples are being collected, the water level mustnot drop belowthe top of 
fbescreenoropeninterval.Collecttbesamplesfromthepump'stubing. Always 
oollect the VOCs and dissolved gases samplesfirst. Normally, thesamples 
requiringasmallvolumearecollected before the large volume samples are 
collected justmcasethere is notsufficientwatermthewell to fill all thesample 
oontainers. All samplesmustbecollected, preserved, andstoredaccordmgto the 
analytical method. Remove thepumpfrom tbe well and decontammate the 
sampling equipment. 

^thewaterlevelhasdropped0.3feetorlessfromtheinitialwater level (water level 
measurehefbrethepumpwasinstalled^proceedtoStep7.1fthewaterlevelhasdropped 
^ore than 0.3feet,calculatethevolumeofwaterbetween the initial water leveland the 
stabilized water level. Add thevolumeofthewaterwhichoccupiesthepump'stuhingto 
rbiscalculation.Tbiscombmedvolumeofwaterneedstobepurgedfromthewellafterthe 
water levelhasstahilizedheforesamples arehecollected. 

7Attachthepump'stuhingtothe^connectorwithavalve(orathreewaystopcock) 
Thepump'stuhingfromthewellcasmgtothe^connectormustheasshortaspossihle 
topreventthegroundwatermthetuhmgfromheatingupfromthesunlightorfromthe 
^bientair.Attachashortpieceoftubingtotheotherendoftheendofthe"T" connector 
roserveasasamplingportfortbemrbiditysamples. Attachtheremaimngendofthe"T" 
connectortoashortpieceofmhingandcormectthemhmgtotheflowtl^oughc^^^ 
port Tothetopport,attachasmallpieceoftuhingtodirectthewaterintoacalihrated 
wastehucket Fillthecellwiththegroundwaterandremoveallgashuhhlesfromthecell 
Posmonmeflowthroughcellinsuchawaythatifgashuhhlesenterthecelltheyoa^ 
oasilye^tmecell.Ifmeport^^ 

shape,thecellcanheplacedata45 degreeanglewiththeportsfacingupwards; this 
posihonshouldkeepanygashuhhlesenteringthecellawayfromthemonitoringprohes 
andallowthegashuhhlestoexitthecelleasily(seel^wFlowSetupDiagram^ 
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makesurethereareno gas bubblescaughtintheprobes'protective guard; youmayneed to 
shake the cell to remove these bubbles. 

8. Tum-on tbe monitoring probes and turbiditymeter. 

^ Rocordthetemperature,pH,dissolvedoxygen,specificconductance,and 
oxidabon/reductionpotentialmeasurements.Openthevalveonthe"T"connectorto 
^llectasamplefortheturbmitymeasurement, close the valve, do themeasurement, and 
record thismeasurement.Calculatethepump'sflowratefromthewaterexitingthe flow-
^nrough-cellusingagraduatedcontamerandastop watch, andrecordthemeasurement. 
Measure andrecord the water level.Checkflow-through-celltbrgasbubblesand 
sediment; represent, remove them. 

l^^opeatStep9every5minutesoras appropriate until monitoringparameters stabilized. 
Noteat least one flow-through-cell volumemustbeexchangedbetweenreadings. Ifnot, 
the timeintervalbetweenreadingswfll need to be increased. Stabilizationisacbreved 
^hen three consecutive measurements are within thetbllowing limits: 

Tu^bidity(10%forvaluesgreaterthan5NTUs;ifthreeTurbidityvaluesare^ 
than5NTUs,considerthe values as stabilized), 

Dissolved Oxygen (10%forvaluesgreater^ 
Oxygen values are less than 0.5 mg/L, considerthe values as 
stabilized), 

Specific Conductance (3%), 
Temperature (3%), 
pH^O.lunit), 
Oxidation/Reduction Potential(^lOmillivolts). 

Ifthesestabmzationrequirementsdonotstabilizeinareasonable time, theprobes may 
have been coatedfromthematerials in thegroundwater,fromabuildupofsedimentin the 
flow-through-cell, oragasbubbleislodgedintheprobe Thecellandtheprobeswillneed 
tobecleaned.Tumofftheprobes(nottbepump),disconnecttbecellfromthe"T" 
connectorandcontinuetopurgethewell Disassembletbecell,removetbesediment,and 
clean theprobesacoordingtothemanufacmrer'sinstructions. Reassemble thecell and 
connectthecell tothe^T" connector Removeallgasbubblesfromthecell,turnon the 
probes, and continuethemeasurements. Record thatthetimethecellwascleaned. 

ll.Whenitistimetocollectthegroundwatersamples,tumoffmemonitoringprobes^ 
disconnecttbepump'smbingfromthe"T"connector Ifyouareusingacentri^^ 
peristalticpumpcheckthepump'smbingtodotermineifthetubingiscompletelyfilled 
with water (no airspace). 
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All samples must be collected and preserved according to the analytical method. VOCs 
and dissolved gases samples are normally collected first and directly into pre-preserved 
sample containers. However, this may not be the case for all sampling locations; the 
SAP/QAPP should list the order in which the samples are to be collected based on the 
project's objective(s). Fill all sample containers by allowing the pump discharge to flow 
gently down the inside of the container with minimal turbulence. 

If the pump's tubing is not completely filled with water and the samples are being 
collected for VOCs and/or dissolved gases analyses using a centrifugal or peristaltic pump, 
do the following: 

All samples must be collected and preserved according to the analytical method. 
The VOCs and the dissolved gases (e.g., methane, ethane, ethene, and carbon 
dioxide) samples are collected last. When it becomes time to collect these samples 
increase the pump's flow rate until the tubing is completely filled. Collect the 
samples and record the new flow rate. 

12. Store the samples according to the analytical method. 

13 Record the total purged volume (graduated waste bucket). Remove the pump from the 
well and decontaminate the sampling equipment. 
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APPENDIX C 
EXAMPLE (Minimum Requirements) 

WELL. PURGING-FIELD WATER QUALITY MEASUREMENTS FORM 

Location (Site/Facility Name) Depth to / of screen 
Well Number . Date fbelnwMP^ tnp h„n™ 
Field Personnel ... Pump Tntake at (ft. below MP) 
Sampling Organization Purem% Device; (pump type) 
Identify MP Total Volume Purged 

Clock 
Time 
24 HR 

Water 
Depth 
below 

: MP ft 

Pump 
Dial' 

Purge 
Rate 
ml/mm 

Cum. 
Volume 
Purged 
liters 

Temp. 
°C 

Spec. 
Cond.2 

uS/cm 

pH ORP3 

mv 
DO 
mg/L 

Turb
idity 
NTU 

Comments 

Stabilization Criteria 3% 3% ±0.1 ± 10 mv 10% 10% 

1. Pump dial setting (for example: hertz, cycles/min, etc). 
2. p.Siemens per cm(same as umhos/cm)at 25 °C. 
3. Oxidation reduction potential (ORP) 
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1.0 INTRODUCTION 

This Sampling and Analysis Plan (SAP) is for utilization in the groundwater monitoring 
program at the for the hazardous waste management units (Units) located at the Radford 
Army Ammunition Plant (Radford AAP). This document meets the groundwater sampling 
and analysis plan requirements of 40 CFR 264 Subpart F. This SAP is based on the USEPA 
SW-846 and the RCRA Groundwater Monitoring Technical Enforcement Guidance 
Document (TEGD), "Low Stress (low flow) Purging and Sampling Procedure for the 
Collection of Ground Water Samples from Monitoring Wells", and "Ground Water Issue 
Low-Flow (Minimal Drawdown) Ground-Water Sampling Procedures. 

2.0 PURGING AND SAMPLE COLLECTION PROCEDURES 

Purging and sample collection procedures govern all the activities in the field prior to 
sample preservation. This section contains several initial activities that are significant in 
maintaining the integrity of the sample and data. These include maintaining a field log 
book, measurement of static water level, detection of immiscible layers, well evacuation 
sample withdrawal, and analysis of field parameters. 

2.1 Field Log Sheet/Book 

A Field Log Sheet (Appendix A) is utilized to record the field information at each well 
location. The Field Log Sheet in conjunction with a Field Log Book is used to record field 
activities for each well. The Field Log Sheet includes the following information: 

> well identification 
> static water level measurement and equipment used 
> presence of immiscible layers noted 
> reference point for static water level measurements 
> purge volume and pumping rate 
> well yield comments 
> well purging (evacuation) procedure, time, and equipment 
> well sampling date, time, and equipment 
> sample identifications (by constituents) 
> preservatives used 
> constituents to be analyzed 

> field measurements; pH , TC, specific conductivity, dissolved oxygen, ORP and 
salinity ' 

> headspace in containers review 
> time and meters used in field analysis 
> sample preparation date, time, and filtering method 

sampler's and sample preparer's names x 

2.2 Measurement of Static Water Levels 

Prior to all sampling activities, plastic sheeting will be placed around each well to protect the 
sampling equipment from coming in contact with contamination around the well head and to 

1 



facilitate tbe collection of spilled purge water as recommended bytbeTEGO. 

The measurement ofthe static water level measurement sbould be performed in each well at 
the Unit prior to each sampling event. The total depths of all ofthe wells at Radford AAP 
have been establisbed.This information is used to assist in determining iftbe horizontal and 
vertical fiow gradients have changed since initial site cbaraeterizationsand/orpriorsampling 
events 

Tne field crew utilizes well legs to assist In tne water level measurements. Tne 
measurements are taken witb an electronic water level probe. Tne probe Is decontaminated 
witb alconox soap followed by isopropanol and deionized water rinses. Tbe probe is tben 
lowered into tbe well, tbe water level is measured to tbe nearest 0.01 foot. Tbe permanent 
reference point is tbe top of tbe casing. Todetermine tbe desired value of deptb to water 
from ground surface, tbe lengtb of casing is measured and subtractedfrom tbe deptb to 
waterfrom tbetopofcasing. Anycbangesin lengtbofcasing measurement (i.e., 
modification ofwell pad or apron) should be noted and corrected. Tbe same value for 
lengtbofcasing above ground sbould be used eacb time tbe water level is measured in tbe 
well. Any damage to well orwell casing sbould be noted attbis time. 

2.3 Detection ofrmmiscible Layers 

Tbedetectionofimmisciblelayers(i.e., LNAPLS andONAPLS)isanimportantprocess in 
waste management. Tbese two types of liquids can provide valuable information 
oonceming types of existing contamination within tbe monitored aquifer. Tbis detection 
requires specialized equipment sucb as a flame ionization detector (flO) or a 

pnotoionization detector (P1D) organic vapor analyzer,interface probe, andamodified 
bailer as well as sample collection priorto well purging. 

In tbe event immiscible layers are suspected tbe airin tbe well bead sbould be sampled witb 
aFlO. A manometer will be used to detect tbe static liquid level. Tbe interface probe will 
tben be lowered into tbe well to determine tbe presence of any immiscible layer(s). Tbe 
probe will registertbedeptbsofligbtand/or dense liquidas well astbe water level. 

Thecollectionofvarying layers requiresamodifiedTefion^ bailer. For tbe light phase 
immiscible, tbe bailer sbould be slowly lowered until contact is made witb tbe air and bgbt 
phase liquid interface. Tbe bailer sbould tben be lowered toadeptbtbat is less tban tbe 
immiscible/water interface deptb as determined by tbe preliminary interface probe 
measurements. Tbis collectionmetbod works bestwitb immiscible layers of two (2)feet or 
greaterthickness. Iftbe layer is less tban two (2) feet tbickbuttbe deptb to tbe surface of 
tbe ligbtpbaselayeris less tban25feetuseaperistaltiepump.ln tbe eventtbataperistaltie 
pump can not be used,amodified bailer will be used Tbe bailer sbould bave tbe bottom 
cbeck valve sealed witb plastic sbeeting and tbe top cbeek valve removed to allow tbe 
sample to enter tbe top. Abottom cbeck valve bailer without tbe top cbeck valve can be 
used if tbe modification is performed on tbe bottom cbeck valve. Tocompensatefor 
buoyancy of tbe bailer,aseetion of oneincb stainless steel pipe can be placed on tbe 
retrieval line. Tbe bailer sbould be lowered carefully to tbe depths indicated from tbe 
preliminary measurements. Tbe target sampling depth is to lower tbe bailer to one balf 
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tbicknessof tbe immiscible layerand collect tbe sample. 

Tbe dense phase immiscibles are to be collected witbadouble cbeck valve bailer. ^ 
bailer sbould be lowered and raised inaslow controlled method. The decontamination 
proceduresspecified below shall be perfbrmedaflercollectionoftbe sample. 

Low-Flow Well PurgmgandSamplingProcedures 

2.^1 WellPurging 

^ow-flow refers to the velocity with which water enters the pump intake and that is 
Imparted to tbe f o r m a l 

tbe stress imparted byagiven flow-rate foragivenhydrological situation. Tbe objective Is 
^epumpinamariner that minimizes stress(drawdown) to the system to the extent practical 
taking into account established Unit sampling objectives. Flow rates on tbe order o fO . l ^ 
0.5 1/minareused;however,tbisisdependentonUnitspecifichydrogeology. Waterquality 
indicator parameters are used to determine purging needs. Once parameters such as pH, 
specific conductance, dissolved oxygen, oxidation-reduction potential, and temperature have 
stabilized purging is considered complete In line flowcells will be used to continuously 
measure tbe above parameters. 

^estagnantwaterwithintbecasingisnotrepresentativeoftbein-situgroundwater quality. 
Tbewellneedstobavetb^sstagnantwaterremovedsotbatformationwatercanbesampled. 
Toremove tbe stagnant formation watertbe pump will be startedattbelowestspeedsetting 
and slowly increased until discbarge occurs Tbe water level will tben be checked The 
pump speed will be adjusted until there is little or no water level drawdown (less than 0.3 
feet). If tbe minimal drawdown that can be achieved exceed 0.3 feet but remains stable, 
continuepurginguntilindicatorfieldparameters stabilize. 

Water level and pumping rates will be monitored and recorded every three minutes during 
purging. Any pumping rate adjustments (both time and flow rate)will be recorded in tbe 
^^gbook.Fumpingrateswill,asneeded, be reduced to tbe minimum capabilitiesoftbe 
pump (for example,01^0.41/min) to ensure stabilization of indicator parameters. 
Adjustments will be made in the first fifleenminutesofpumping in orderto help minimize 
purging time curing pump start up, drawdown may exceed tbe 0.3 feet target and tben 
"recover" the stabilized drawdown value will be recorded, not the initial drawdown. Tbe 
waterlevelwillnotbeallowedto fall to tbe intake level (ifthestaticwaterlevelisabove tbe 
well screen, tbe water level will not lowered to the screen) The final purge volume will be 
greaterthan tbestabilized drawdown volumeplustbeextractedtubingvolume. This volume 
will be calculated bytbe following equation: 

^ ^ ^ ^ ^ g ^ ^ ^ d o w n 

^ ^ g ^ ( ^ ^ ) ( ^ ^ ^ ) 

^^wdown^(^^^^ r^ 
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^ ^ ^ n low recbarge rates may require tbe use of special pumps capable of a ^ 
^ ^ w pumping rates. If tbe recbarge rate of tbe well is lower tben extraction rate 
j o l l i t i e s of currently manufactured pumps and tbe well is essentially dewateredduri^^ 
purging, tben tbe well will be sampled as soon as tbe water level bas recovered sutf^ciently 
fo^ollect tbe appropriate volume neededfor all anticipated samples (tbe intake will not be 
moved during tbis recovery period). Samples may tben be collected even tbougb tbe 
indicatorfieldparametersbavenotstabilized. 

^ t e r level, extraction rate, and drawdown information will be recorded inafieldlogbook^ 
^^^etionrate(tmalpumpdialsemng)willbeduplicatedin^ 

Measurement oflndicator FieldParameters 

curing well purging, indieatorfieldparameters(temperature, specific conduct̂ ^^ 
00)will be monitored everytbreeminutes(or less lrequently,if appropriate). Purgingw 
^^onsidered complete and sampling may begin wben all above indicatorfield parameters 
destabilized. Stabilization isconsidered to be achieved wbentbree consecutive readings, 
takenattbree-minute intervals, are witbintbe following limits: 

Constituent Variability 

10^ 
3% 
3^ 

±0.1 unit 
±10millivolts 

All measurements will be obtained usingafiowtbrougb-cell.Atransparentfiow-tb^ougb^ 
^^^i^eused,becausetbeyallowfieldpersonneltowatcblorparticulatebuild-upwitbin 
^ ^ T b i s build-up may affectindicatorfieldparametervaluesmeasur^^ 
^^oellneedstobecleanedduringpurgingoperations, tbecell will bedisconnected while 
tbe pump remains running The cell will be cleaned and reconnected and monitoring 
activities will continue. 

0 0 
Specific conductance 
Temperature 
PH 
ORP^h 

^^ow-tbrougb-cellwillbedesignedinawaytbatpreventsairbubbleentrapmentintbe 
cefl Wnen tne pump is t u ^ 

^omtormg probes will remain submerged in water at all times. Iftwofiow-tbrougb-cells 
^ u s e d in series, tbe one containing tbe dissolved oxygen probe will come first (tbis 
parameterismostsusceptibietoerrorifairieaksintotbesystem^ 

2.4^ Sample Withdrawal 

Water samples lor laboratory analyses must be collected before water bas passed tb^ougb 
tbefiow tb^ougb cell(tbeeell willbedisconneetedpriortoobtainingsamples^ 

VOC samples will be collected first and directly into pre preserved sample containers 
Allowmgtbe pumpdiscbarge to fiow gently down tbe insideoftbecontainerwitbminimal 
turbulence will fill all sample containers. 
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Ouring purging and sampling, the tubing will remain filled witb water so as to mimmize 
possible changes in water chemistry upon contact with tbe atmosphere. Quarter inch or 
three-eighths inch (inside diameter) tubing willbe used to help insure that the sample tubing 
remains water filled. Iftbe pump tubing is not completely filled to tbe sampling point, one 
of thefollowing procedures will beusedtocollect samples: (1) a clamp, conned 
(Teflon^ or stainless steel) or valve to constrict sampling end of tubing will be added; (2)a 
small diameterTeflon^ tubing will be inserted into water filled portion of pump tubing 
allowing tbe end to protrude beyond tbe end of the pump tubing, samples will be collected 
from the small diameter mbing; (3) non-VOC samples will be collected first, the 
rate will be mcreased slightly until water completely fills the tubing, at that time collection 
of remaining samples and tbe new drawdown, flow rate and new indicator field parameter 
values are then recorded. 

2.^ Alternative Well Purging and Sampling Procedures 

2.^1 Alternative Well Purging and Sampling Equipment 

In the event ofmalfunctions with any oftbe dedicated low-flow pumps, well purging will 
he conducted using either decontaminated non-dedicated Teflon or stainless steel 
bailers, or new disposable polyethylene bailers. In order to reduce the possibility of 
cross-contamination during sample collection upon completion ofwell purging, sampling 
persor^el will use eitherfresbly decontaminated non-dedicatedTefion^or stainless steel 
bailers,or use new,disposable polyethylene bailersfor collecting samples fromeacb 
well. 

Any non-dedicated sampling equipment will be decontaminated prior to use at each well. 
In addition, equipment blanks will be collectedfrom non-dedicated sampling equipment. 

2.^2 Purge Volume Calculations 

TheField Log Sheet (Appendix A) will be used to document the calculation of the 
minimum purge volume of waterfrom tbe well prior to sample collection. The form also 
will be used to record the field pff, specific conductivity and temperature measurements 
for each well sampled. 

Priorto collecting groundwater samples from each well,avolume of water equal to three 
(3)times tbe combined volume of the wetted well casing and the sand filter pack shall be 
purgedfrom the well. Tbe goal is to ensure that all of the stagnant water within tbe well 
is replaced witbfreshformation water upon completion of the process. 

Tbe purge volumes will be calculated usingthefollowing methods: 

^ For each well, measure the deptb to water (OTW) and total deptb of tbe well (TO) 
with respect to tbe top of the well casingpriorto disturbing tbe water column. 
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D Subtract the depth to water from tbe total well depth (TO-OTW) in orderto obtain tbe 
height ofthe water column in the well casing in feet (h^). 

^ For wells with water levels above the top of the sand filter pack, the equationfor 
calculating the purge volume shall be: 

^ ^ r ^ 4 - ^ 4 ) ^ . 3 ± ( f l r ^ ^ 

For wells with water levels below the top of the sand filter pack, the equationfor 
calculating the purge volume shall be: 

^ ^ r ^ - ^ h ^ ^ 3 ± ( ^ 

Where: r^radius of well borehole; 
r ^ radius ofwell casing; 
b^beightofsandfilterpack; 
h^^heightofthewatercolumn. 

In the event thatawellhasalow yield, it shall he purged to dryness if dryness occurs 
priorto purging the required three well casing volumes, A minimum ofone well volume 
will he purged in this instance. 

2.^3 Measurement oflndieator Field Parameters 

Ouring well purging, indicator field parameters temperature, specific conductance, and pFl 
will he measured. Purging shall continue until temperature, specific conductance, and pFl 
readingshave stabilized, "Stability" isdefinedas variationless than 10%of the 
preceding reading for two consecutive readings. Water temperature, specific 
conductance, and pFl shall he measuredaminimum of two times per well volume or once 
per 2.5 gallons of purge water (whichever is less). Each measurement of temperature, 
specific conductance, and pFl shall be recorded along with the cumulative purge volume 
andthetime-ofday. 

2.^4 Sample Withdrawal 

For each monitoring well, the samples will he collected using either freshly 
decontaminatednondedicatedTefion^orstainlesssteel hailers,or new, disposable 
polyethylene bailers upon completion ofwell purging. Individual sample aliquots will be 
collected in order ofdecreasing constituent volatility. VOC samples will be collected first 
and directly into pre preserved sample containers. 

Low yield wells must be sampled witbin24 hours of purging. If yield is insufficient to 
obtain the required sample volume, tbe samples sbould be noted as "not obtainable due to 
insuffieientwell yield" on the Field Log Sheet fortbatwellandin the Field Log 8ook. 

6 



2.5.5 Equipment Decontamination 

Any non-dedicated sampling equipment will be decontaminated prior to use at the site, 
and after use at each well, decontamination will be performed inamanner such that the 
decontaminate The non-dedicated sampling equipment will 
be decontaminated as follows: 

^ Wash equipment witb phosphate-free detergent. 
D Rinse equipment witb deionized water. 
^ Rinse equipment with isopropanol. 
^ Rinse equipment witb deionized water. 

following decontamination, the equipment will be allowed to air dry or dried using clean 
disposable wipes. 

2.6 Sample Preservation and Handling 

Samples will be preserved with the proper preservatives in accordance with USEPASW-
^6(Test MethodsforEvaluatingSolidWaste, latest edition). Priortosamplecollection, 
sample bottles will be prepared by tbe analyzing laboratory. Preservatives (as required 
oy analytical methods) will be added to samples immediately after they are collected i f 
tbe sample containers are not pre-preserved by tbe laboratory. More detailed 
preservation information is provided in Tablel. 

fbegroundwatermonitoring program requires certain special bandlingconsiderations. 
Initially, tbe samples sbould not be transferred to another container due to loss of analyte 
and volatilization. TheVOCs,TOX, and TOC containers should be slowly filled to 
eliminateanybeadspacewitbintbeeontainer. Any beadspaceremaining intbesecontainers 
sbould be noted in tbe logbook. 

All sample containers shall be packed inacooler witb ice as soon as tbey are collected. 
Upon tbe completion of activities at tbe Unit, tbe coolers will be packed witb additional 
icefor transport to tbe contract laboratory. Tbe samples will be relinquished directly 
^om the samplers to representativesfrom the contract analytical laboratoryfor transport 
to the laboratory,orthesamples will be shipped to the laboratory by common carrier. 

In tbe event that final receipt bythe laboratory of any shipping container or sample bottle 
indicates evidence of compromised sample integrity, tbe laboratory QA/QC officer or 
uis/herrepresentative shall notify tbe operatorwithin24 hours of receipt. Subsequent to 
notification, sample integrity will be evaluated and appropriate actions will be taken to 
assure representative samples Sample integrity determinations and needs for additional 
actions will be conducted according to QA/QC guidance lromUS8PASW 846 (Test 
^ethodsforEvaluating Solid Waste, latest edition). Resampling will be conducted i f 
determined necessary. 
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TABLE 1 

SAMPLING AND PRESERVATION PROCEDURES 

PARAMETER 
ANALYTICAL 

METHOD 

CONTAINER"/ 
VOLUME 

REQUIRED PRESERVATIVE 
MAXIMUM 
HOLDING 

TIME 
INORGANICS ANAL YSES 

Metals (total) 
except Mercury 6010/6020 P- 1L HNO, to pH<2 6 months 

Mercury (total) 7470A P- 300 ml HNO, to pH<2 28 days 

Cyanide 9010 P, G - 500 ml 
Cool to <6°'C, NaOH to 
pH>12, 
0 6 g ascorbic acid 

14 days 

ORGANICS ANAL YSES 
Acrolein and 
acrylonitrile 8260 2 - 40 ml VOA' w/ G, 

Teflonriined septum 
Cool to <6°C 
HCL to pH 4-5 14 days 

Purgeable Volatile 
Compounds 8260 2 - 40 ml VOAb G, 

Teflon-lined septum 
Cool to <6°C 
HCL to pH 4-5 14 days 

Benzidines 8270 G, Teflon-lined cap - I L 
Amber Cool to <6°C 

7 days until extraction, 
40 days after 
extraction 

Haloethers 8270 G, Teflon-lined cap - 1 L 
Amber Cool to <6°C 

7 days until extraction, 
40 days after 
extraction 

Phthalate esters 8270 G, Teflon-lined cap - 1 L 
Amber Cool to <6°C 

7 days until extraction, 
40 days after 
extraction 

Nitrosamines 8270C G, Teflon-lined cap - 1 L 
Amber Cool to <6°C, store in dark 

7 days until extraction, 
40 days after 
extraction 

Nitroaromatics and 
cyclic ketones 8270 G, Teflon-lined cap - 1 L 

Amber Cool to <6°C, store in dark 
7 days until extraction, 
40 days after 
extraction 

Phenol 8270 G, Teflon-lined cap - 1 L 
Amber Cool to <6°C, store in dark 

7 days until extraction, 
40 days after 
extraction 

Polynuclear 
aromatic 
Hydrocarbons 

8270-SIM G, Teflon-lined cap - 1 L 
Amber Cool to <6°C, store in dark 

7 days until extraction, 
40 days after 
extraction 

NOTES: 

Container Types 
P Plastic (polyethylene) 
G Glass 

Do not allow any headspace in the container 
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2.7 Chain-of-Custody Documentation 

The groundwater-monitoring program incorporatesachain-ofcustody program to track the 
route and handlers ofthe groundwater samples. The monitoring of sample possession trom 
fleld sampling to laboratory analysis is important in the event that unexpected lab results 
occur and the security of transportation is evaluated. This documentation contains several 
records and logs that assist in the quality control of the program. 

Sample lahels are used to prevent misidentification of samples. The lahels are filled and 
affixed to the sample containers prior to field sampling The lahels contain the following 
information: 

^ Sample identification numher 
^ Name of sampler (initials) 
^ Oate and time of sample collection 
^ Sampling location 
^ Constituents to he analyzed 

Sample seals should he used whenacommon carrier transports the sample shipment to the 
laboratory. These seals ensure that the samples have not heen disturbed during 
transportation.Thesampleidentificationand date will be included onthesampleseal. 

The chainofcustody record is filled outfor each Unit and accompanies tbe samples to the 
contract laboratory. The completedform is returned to Radford AAP with tbe analysis for 
each Unit.This record is shown in figure7.1 The sample possession is established trom 
timeof collection to thetimeofanalysisThisrecordcontains the followinginformation: 

^ sample identification and location 
^ signature of sampler 
^ date and time of sampling 
^ sample type 
^ well identification 
^ number of containers 
^ required analysis 
^ signatures ofperson(s)involved in possession 
^ times and dates of possession 
^ method oftransportation 
^ statement forpacking on ice 
^ temperatureduringsbipment(min^max) 
^ internal temperature uponarrival at laboratory 

Asampleanalysisrequestsheetcanfuriher clarify the samplesfor each request 
^nstituent.Thisadditionalchecksheetwill be utilized when necessary (i.e., beginning ofa 
newcontractwithanewlaboratory) Thissheetsentalongwiththesampleswillcontaintbe 
following information: 

^ name ofperson receiving samples 
^ laboratory sample number 
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^ date of sample receipt 
^ analysis to be performed 
^ internal temperature during shipping 

2.^ Sample Transport 

^ e samples will be relinquished directlyfrom the samplers to representatives Irom the 
contract analytical laboratory for transport to the laboratory. In the event that a 
laboratory courier is unavailable, the samples will be shipped to the laboratory bya 
certified carrier. 

2.9 Analytical Procedures 

^analytical methods set f o r ^ 
^ste, latest edition) will be used to analyze all constituents. Suggested analytical 
methods and associated practical quantitation limits (PQLs) for each ^ 
Appendix 8. 

^laboratory shall perform the necessary preparation on all samples, including blanks 
and duplicates. 

All records of analysis will bedistributed to the appropriate agency as well as maintained on 
site. 

2.10 QnaiifyAssnranee/Qnalify Control 

Tne SAP addresses the Quality Assurance/Quality Control (QA/QC) program to ensured 
reliability and validity ol field and analytical laboratory data gathered as part of the over̂ ^ 
groundwatermonitoring program. 

2.10.1 FieidQA/QCPro^am 

The field QA/QC program is designed to ensure the reliability and validity of the field 
^gathered as part of the overall groundwater monitoring program. Tbe field QA/QC 
programconsistsofregularcalibrationof fieldanalytical instruments,and routine 
eollection and analysis of trip blanks, and blind field duplicates. In the event that non-
seated sampling equipment is used, equipment blares will be collected and analyzed as 
well. 

analytical instruments shall be calibrated in the field at each Unit priorto sampling 
tne first well using standard solutions prepared by the manufacturer of the instrument or 
other laboratory ^^iioration of these instruments shall be checked against standard 
solutions between each well and aftersamplingtbe final well atthe Unit. All calibration 
o âtasball be recorded, indicatingtime-ofday and value. 

Por each sampling event, one trip blank per Unit shall be filled with laboratory-grade 
reagent water inthelaboratory that hasbeenselectedto conduct thegroundwater 
analyses, fi^e trip blank shall be analyzed onlyfor the sameUnit-specifie volatile 
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organiccompoundstorwhichthe samples will beanalyzed. Thetripblankshall 
accompany the sampling kit, in the transport cooler, at all times. 

One blind field duplicate sample will also be taken for every 20 samples per Unit, whether 
that sampling event occurs on one day or longer. Tbe blind field duplicate will be analyzed 
forthe Unit-specific constituents. Tbe monitoring well from wbieb tbe blind field duplicate 
iscollectedshould be noted on tbe field Log Sheetfortbatwellandin the field Log Book. 

Equipment blanks willbe 
used in tbe sampling process. The blank consists of filling sample bottles with Type 11 
reagentgradewaterthrough the sampling device, transferto sample bottles, andreturn to t^^ 
laboratory tor analysis. Again, tbis blank is bandied likeagroundwater sample. One 
equipment blank every 20 samples will be used whetherthat sampling eventoccursoverone 
ôay or longer.Theequipment blank will beanalyzedfortheUnit-specificconstituents. 

Tbe occurrence of constituents in blank samples may serve to invalidate tbe analytical 
results of tbe affectedconstituents. Additionalblanks or duplicate samples may be 
prepared and analyzed to address specific, unanticipated conditions. 

2.10.2 LahoratoryQA/QC Program 

The contract laboratory is to provideaQA/QC plan for laboratory analysis according to 
USEPASW-846 (Test Methods for Evaluating Solid Waste, latest edition). Tbisplan 
utilizes standards, laboratoryblanks,duplicates, batch spikes, and matrix spikesfor 
calibration and identification of potential matrix interferences. This data is on file at tbe 
moratory and is routinelyreviewed by RadfordAAPpersonnel.This data isameasure of 
pertormance as well as an indicator of potential sources of cross contamination. This 
control data isfor performance review and notfor correction of groundwater analysis 
data. 

The contract laboratory will keepalogbook to document the processing steps that are 
appliedtothesample. All samplepreparationtechniquesandinstrumentalmethodsmustbe 
identified in this logbook The results of the analysis of all quality control samples should 
be identified specific to each batch ofgroundwater samples analyzed. The logbook should 
also include the time, date, and name ofperson who performed each processing step. 

Dilution during analyses basamajor impact on the overall quality and usability of the 
ground water monitoring data. Large dilutionfactors may mask hazardous constituents 
that are present at low concentrations, which may result in constituent concentrations not 
being identified completely throughout the plume Therefore,when multiple analyses 
using sequential dilutions are required, the resultsfrom these multiple analyses will be 
reported. 
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APPENDIX B 

Unit-Specific Groundwater Monitoring Constituent Lists 



Hazardous Waste Management Unit 5 
Groundwater Compliance Monitoring (Semiannual) Constituent List 

Radford Army Ammunition Plant, Radford, Virginia 

Analyte METHOD POL (ug/1) 
Antimony, total 6010/6020 1 
Arsenic, total 6010/6020 10 
Barium, total 6010/6020 10 
Beryllium, total 6010/6020 1 
Cadmium, total 6010/6020 1 
Chromium, total 6010/6020 5 
Cobalt, total 6010/6020 5 
Copper, total 6010/6020 5 
Lead, total 6010/6020 1 
Mercury, total 7470A 2 
Nickel, total 6010/6020 10 
Selenium, total 6010/6020 10 
Silver, total 6010/6020 2 
Thallium, total 6010/6020 1 
Vanadium, total 6010/6020 10 
Zinc, total 6010/6020 10 
Acetone 8260 10 
Bis (2-ethylhexyl) phthalate (DEHP) 8270 6 
2-Butanone (Methyl ethyl ketone; MEK) 8260 10 
Chloroform 8260 1 
Dichlorodifluoromethane 8260 1 
1,2-Dichloroethane 8260 I 
Diethyl ether 8260 12 
Diethyl phthalate 8270 10 
2,4-Dinitrotoluene 8270 10 
2,6-Dinitrotoluene 8270 10 
Methylene chloride (Dichloromethane) 8260 1 
o-Nitrqaniline; 2- 8270 10 
/?-Nitroaniline; 4- 8270 20 
Nitrobenzene 8270 10 
Toluene 8260 I 
Xylenes (total) 8260 3 



Groundwater Compliance Monitoring (Semiannual) Constituent List 
Hazardous Waste Management Unit 16 

Radford Army Ammunition Plant, Radford, Virginia 

Analyte METHOD PQL(ug/l) 

Arsenic, total 6010/6020 10 
Barium, total 6010/6020 

Berylljum, total 6010/6020 

Cadmium, total 6010/6020 

Chromium, total 6010/6020 

Cobalt, total 6010/6020 

Copper, total 6010/6020 

Lead, total 6010/6020 

Mercury, total 7470 

Nickel, total 6010/6020 

Vanadium, total 6010/6020 

Zinc, total 6010/6020 

Benzene 8260 

2-Butanone 8260 

Carbon tetrachloride 8260 

Chloroethane 8260 

Dichlorodifluoromethane 8260 

1,1-Dichloroethane 8260 

Diethyl ether 8260 

Dimethyl ether, 8260 

Ethylbenzene 8260 

Methylene chloride 8260 

Tetrachloroethene; PCE 8260 

Chloromethane 8260 

Toluene 8260 

1,1,1-TnchIoroethane 8260 

Trichloroethene 8260 

1,1,2-Trichloro-1.2,2-Trifluoroethane 8260 

Trie h 1 orofl uoromethane 8260 

Xylenes, total 8260 

Diethyl phthalate 8270 

2,4-Dinitrotoluene 8270 

2,6-DinitrotoIuene 8270 10 
Notes' 

ug/1 = micrograms per liter 
PQL = Practical Quantitation Limit 
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ATTACHMENT 1 

APPENDIX H.9 

INVESTIGATIVE DERIVED WASTE 



Department of Env.rcnmenta! Quality 
Waste Operations 

Policy for the Handling or 
Investigation Derived Waste (IDW) 

The Department of Environmental Quality (DEQ), Waste Operations has received 
a request for guidance from the regulated community concerning the Commonwealth 
of Virginia's requirements regarding the management and disposal of investigation 
derived waste (IDW). Because Virginia administers an authorized state RCRA 
program, the Virginia Solid Waste Management Regulations (VSWMR)'and the Virginia 
Hazardous Waste Management Regulations (VHWMR) will serve as the governing 
requirements in lieu of Federal RCRA regulations contained in the Code of Federal 
Regulations (40 CFR 260 - 270) except for the Land Disposal Restrictions of 40 CFR 
268. For reference, please see the Virginia Waste Management Act, Code of Virginia 
n l ^ l l l i ? 0 , , ^ - ^ ' ' ' t h e V i r g i n i a Hazardous Waste Management Regulations 
% c ^ = Z " ^ ' ^ ^ : ^ V ^ r , ' 3 Solid Waste Management Regulations 
VSWMR) (VR 672-20-10); Federal: the Resource Conservation and Recovery Act 

(RCRA), 42 USC 6901; and the U. S. Department of Transportation Rules for the 
Transportation of Hazardous Materials, 49 CFR Part 107, 171.1 - 172.558. 

With regard to IDW, it is the site manager's responsibility to determine whether 
the wastes generated during an investigation meet the definition of a solid or 
hazardous waste. The site manager will be either the on-scene coordinator (i.e., either 
the federal official predesignated by the Environmental Protection Agency (EPA) or the 
U S. Coast Guard to coordinate and direct federal responses under subpart D or the 
official designated by the lead agency to coordinate and direct removal actions under 
subpart E of the National Contingency Plan (NCP)), or the remedial project manager 
(i.e., the official designated by the lead agency to coordinate, monitor, or direct 
remedial or other response actions under subpart E of the NCP). 

If there is a possibility that either the ground water or the soil at the location 
where a monitoring well is installed is contaminated, the site manager must determine 
whether or not the well cuttings, purge water, and/or other IDW are contaminated 
(i.e., whether they are solid or hazardous wastes). In these cases, the site manager 
may use knowledge of the contaminated media to declare that the IDW is solid or 
hazardous waste. If analysis shows that no contamination is present in the soil or the 
ground water at the location where the monitoring well is installed; neither the well 
cuttings, nor the purge water would be regulated as a solid waste. An example of a 
situation where the site manager might use knowledge to determine proper disposition 

t e s t , n 9 would not be required) would involve materials generated at locations 
where wells are installed for the purpose of ascertaining naturally occurring levels of 
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inorganic const i tuents and there is no basis to expect contamination, i.e., there is no 
past history of hazardous waste management activities or releases in these areas, if 
this is the case, the soi ls,cut t ings,purge wate r ,e tc .wou ld not he regulated as solid 
wastes. Test results or knowledge of the waste should be used to screen the well 
cut t ings, purge water and other IDW to demonstrate that concentrations of 
contaminants are below or equal to background levels. 

Purge water, we l icu t t ings f rommoni tor ing wells, andother IDW, if tested, 
must be done so in accordance with EPASW-846,Test methods fcr Evaluating 9olid 
Wastes, Physical/Ohemical methods, ^rd edition, 1996, as updated. If contaminant 
levels are found to he above background levels,the IOW would be consideredasoi id 
waste . Should test results further indicate that the IOW conta insa l is ted hazardous 
was te , or If the IDWe^h ib r tsacharac te r i s t i c of hazardous waste, the I D W i s a 
hazardous waste and must be managed and disposed in accordance wi th the 
VHWMR. Al ternat ive ly ,contaminated lOW that conta insa l is ted hazardous waste 
must he managed asahazardous waste until it no longer^contains^ the hazardous 
waste, i.e., until the constituent levels are below site specific risk based levels. This 
is consistent w i th EP^BsOontained In Policy. The DEO. should he contacted directly 
to determine the site specific risk based levels that would apply to IOW that contains 
listed hazardous waste. 

I f t h e l O W i s n o t a h a z a r d o u s waste ,but contains levels of contaminants above 
background levels, the IOW must be managed in accordance wi th the VSWMR. Solid 
waste generated f rom cleanup or investigation activities is consideredaspecial waste 
under Part VIII of the VSWMR. Pnor to acceptance ofaspecia l waste for disposal at 
a solid waste management faci l i ty, the operator must obtain prior authorization from 
the Department. Purge w a t e r , o n the other hand, m u s t b e d i s p o s e d a t a p u b l i c l y 
owned t reatment works (POTW) or other wastewater treatment system operating in 
accordance w i th its Virginia Pollutant Discharge Elimination System (VPDES) permit, 
provided that all other pertinent criteria are satisfied. 

The on-site treatment, s torage,or disposal of IDW must he authorized b y a 
permit f rom the OEO.. A generator of hazardous IDW may accumulate such wastes 
in tanks or containers in accordance witb V H W ^ R ^ 6 . 4 . E . Treatment of hazardous 
waste in tanks or containers within the 90 day accumulation period may only occur 
upon prior wr i t ten approval from the appropr iateD50 Regional Off ice. 
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9/15/2011 

APPENDIX IX METHOD/DETECTION LIMITS 

Analyte METHOD PQL(ug/l) MDL (ug/1) 
1,1,1,2-Tetrachloroethane 8260 1 0.08 

1,1,1 -Trichloroethane 8260 1 0.13 
1,1,2,2-Tetrachloroethane 8260 i 0.184 

1,1,2-Trichloro-l ,2,2-trifluoroethane 8260 i 0.12 
1,1,2-Trichloroethane 8260 i . 0.079 
1,1 -Dichloroethane 8260 I 0.135 
1,1 -Dichloroethene 8260 I 0.223 

1,2,3-Trichloropropane 8260 I 0.073 
1,2,4,5-Tetrachlorobenzene 8270 10 " 2 
1,2,4-Trichlorobenzene 8260 l 0.13 

1,2,4-Trichlorobenzene 8270 10 0.43 
1,2-dibromo-3-chloropropane 8260 i 0.204 
1,2-dibromoethane 8260 i 0.05 
1,2-Dichlorobenzene 8260 i 0.082 

1,2-Dichlorobenzene 8270 10 0.48 
1,2-Dichlgroethane 8260 i 0.147 

1,2-Dichloropropane 8260 i 0.107 
1,3-Dichloro benzene 8260 i 0.047 
1,3-Dichlorobenzene 8270 10 0.52 

1,3 -Dichloropropane 8260 1 0.091 
1,3-Dinitrobenzene 8270 10 2 

1,4-Dichlorobenzene 8260 1 0.061 
1,4-Dichlorobenzene 8270 10 0.37 
1,4-Dioxane 8260 200 45.48 
1,4-Napthoquinone 8270 10 0.2 

1 -Naphthylamine 8270 10 0.2 
2,3,4,6-Tetrachlorophenol 8270 10 0.68 

2,4,5-Trichlorophenol 8270 10 0.81 
2,4,6-Trichlorophenol 8270 10 0.63 

2,4-Dichlorophenol 8270 10 1.59 
2,4-Dimethylphenol 8270 10 0.99 

2/a 
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# 

Analyte METHOD PQL(ug/l) MDL (ug/1) 
2,4-Dinitrophenol 8270 10 1.7 
2,4-Dinitrotoluene 8270 10 0.5 

2,6-Dichlorophenol 8270 10 0.2 
2,6-Dinitrotoluene 8270 10 0.46 

2-Acetylaminofluorene 8270 10 0.2 
2-Butanone 8260 10 0.42 

2-Chloronaphthalene 8270 10 0.49 
2-Chlorophenol 8270 10 0.98 

2-Hexanone 8260 10 0.39 
2 - Methy lnaphthalene 8270 10 0.29 

2-Naphthylamine 8270 10 0.2 
2-Nitroaniline 8270 10 0.36 
2-Nitrophenol 8270 10 1.27 

2-Picoline . 8270 10 0.1 
2-Propanol 8260 50 1.71 

3,3 '-Dichlorobenzidine 8270 10 0.48 
3,3 '-Dimethylbenzidine 8270 10 0.2 
3-Methylcholanthrene 8270 10 0.2 

3-Nitroaniline 8270 10 0.3 
4,6-Dinitro-2-methylphenol 8270 10 1.18 

4-Aminobiphenyl 8270 10 0.2 
4-Bromophenyl phenyl ether 8270 10 0.56 

4-Chloro-3-methylphenol 8270 10 1.01 
4-Chloroaniline 8270 10 0.66 

4-Chlorophenyl phenyl ether 8270 10 0.32 
4-Methyl-2-pentanone 8260 10 0.91 

4-Nitroaniline 8270 10 0.73 
4-Nitrophenol 8270 10 0.28 

4-NitroquinoIine-l -oxide 8270 50 5 
5-Nitro-o-toluidine 8270 10 0.2 

7,12-Dimethylbenz(a)anthracene 8270 10 0.2 
a,a-Dimethylphenethylamine 8270 50 5 

Acenaphthene 8270 10 0.35 

# 

j / & 
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# 

# 

Analyte METHOD PQL(ug/l) _ MDL(ug/I) 
Acenaphthylene 8270 10 0.48 

Acetone 8260 10 0.12 
Acetonitrile 8260 100 31.67 

Acetophenone 8270 10 0.2 
Acrolein 8260 10 1.1 

Acrylonitrile 8260 10 0.47 
Allyl chloride 8260 10 0.82 

Aniline 8270 10 0.32 
Anthracene 8270 10 0.52 
Antimony 6020,6010 1 0.4 
Aramite 8270 10 0.2 
Arsenic 6020/6010 10 2 
Barium 6020/6010 10 1 
Benzene 8260 1 0.07 

Benzo(a)anthracene 8270 10 0.45 
Benzo(a)pyrene 8270 10 1.5 

Benzo(b)fluoranthene 8270 10 1.2 
Benzo(g,h,i)perylene 8270 10 0.42 
Benzo(k)fluoranthene 8270 10 1.6 

Benzyl alcohol 8270 10 0.52 
Beryllium 6020/6010 1 0.2 

Bis(2-chlorethoxy)methane 8270 1 0.46 
Bis(2-chloroethyI)ether 8270 1 0.44 

Bis(2-chloroisopropyl)ether 8270 10 0.19 
Bis(2-ethylhexyl)phthalate 8270 10 0.54 

Bromodichloromethane 8260 1 0,088 
Bromoform 8260 1 0.106 

Bromomethane 8260 1 0.542 
Butyl benzyl phthalate 8270 10 0.46 

Cadmium 6020/6010 1 0.2 
Carbon disulfide 8260 10 0.37 

Carbon tetrachloride 8260 1 0.16 
Chlorobenzilate 8270 10 0.2 

V/& 
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Analyte METHOD PQL(ug/l) MDL(ug/l) 
f Chloroform 8260 1 0.03 

Chloroprene 8260 10 0.46 
Chromium 6020/6010 5 1 
Chrysene 8270 10 0.31 
Cobalt 6020/6010 5 1 
Copper 6020/6010 5 1 
Cyanide 9010 20 4 
Diallate 8270 10 0.2 

Dibenzo(a,h)anthracene 8270 10 0.38 
Dibenzofuran 8270 10 0.58 

Dibromochloromethane 8260 1 0.057 
Dibromomethane 8260 1 0.065 

Dichlorodifluoromethane 8260 1 0.148 
Diethyl ether 8260 12.5 1.11 

Diethyl phthalate 8270 10 0.29 
Dimethoate 8270 10 0.2 

Dimethyl ether 8260 12.5 0 
Dimethyl phthalate 8270 10 0.46 

Di-n-butyl phthalate 8270 10 0.52 
Di-n-octyl phthalate 8270 10 0.7 

Diphenylamine 8270 10 0.4 
Disulfoton 8270 10 0.2 

Ethyl methacrylate 8260 10 0.81 
Ethyl methacrylate 8270 10 0.2 

Ethyl methanesulfonate 8270 10 0.2 
Ethylbenzene 8260 1 0.079 

Famphur 8270 10 0.2 
Fluoranthene 8270 10 0.42 

Fluorene 8270 10 0.38 

J / 8 
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Analyte METHOD PQL (ug/I) MDL (ug/I) 
Heaxachloroethane 8260 10 0.11 
Hexachlorobenzene 8270 10 0.87 

Hexachlorobutadiene 8260 1 0.067 
Hexachlorocyclopentadiene 8270 10 0.57 

Hexachloroethane 8260 10 0.11 
Hexachlorophene 8270 100 10 

Hexachloropropene 8270 10 2 
Indeno(l ,2,3-cd)pyrene 8270 10 0.15 

Iodomethane 8260 10 0.58 
Isobutyl alcohol 8260 200 0 

Isodrin 8270 10 0.2 
Isophorone 8270 10 0.43 
Isosafrole 8270 10 0.2 
Kepone 8270 10 0.2 

Lead 6020/6010 1 0.2 
m,p-Cresol 8270 20 2.47 
m,p-Xylene 8260 2 0.083 

Mercury 7470 2 0.2 
Methacrylonitrile 8260 100 9.75 

Methapyrilene 8270 10 0.2 
Methyl methacrylate 8260 10 3.58 

Methyl methanesulfonate 8270 10 0.2 
Methyl parathion 8270 10 0.2 

Methylene chloride 8260 1 0.182 
Naphthalene 8260 1 0.126 

Nickel 6020/6010 10 2 
Nitrobenzene 8270 10 0.33 

N-Nitrosodiethylamine 8270 10 0.2 
N-Nitrosodimethylamine 8270 10 0.5 

N-Nitroso-di-n-butylamine 8270 10 0.2 
N-Nitrosodi-n-propylamine 8270 10 0.48 

N-Nitrosodiphenylamine 8270 10 0.58 
n-Nitrosomethylethylamine 8270 10 0.2 

6/8 
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Analyte METHOD PQL(ug/f) MDL (ug/1) 
N-Nitrosomorpholine 8270 10 0.4 
N-Nitrosopiperidine " 8270 10 0.2 
N-Nitrosopyrrolidine 8270 10 0.2 

0,0,0-Triethylphosphorothioate 8270 . 10 0.2 
o,o-Diethyl-o-2-pyrazinyl phosphorothioate 8270 10 0.2 

o-Cresol 8270 10 0.96 
o-Toluidine 8270 10 0.2 
o-Xylene 8260 1 0.125 
Parathion 8270 10 0.2 

p-Dimethylaminoazobenzene 8270 10 0.2 
Pentachlorobenzene 8270 10 0.2 
Pentachloroethane 8260 10 0.8 

Pentachloronitrobenzene 8270 10 0.2 
Pentachlorophenol 8270 10 2.92 

Phenacetin 8270 10 0.2 
Phenanthrene 8270 10 0.52 

Phenol 8270 10 0,77 
Phorate 8270 10 0.2 

p-Phenylenediamine ... 8270 10 0.2 
Pronamide 8270 10 0.2 

Propionitrile 8260 100 10.22 
Pyrene 8270 10 0.41 

Pyridine 8270 10 0.29 
Safrole 8270 10 0.2 

Selenium 6020/6010 10 _3 
Silver 6020/6010 2 0.2 

Styrene 8260 1 0.074 
Sulfotep 8270 10 1 

sym-Trinitrobenzene 8270 10 0.2 
Tetrachloroethene 8260 1 0.06 
Tetrahydrofuran 8260 25 0.79 

Thallium 6020/6010 1 0.2 
Toluene 8260 1 0.093 

7/ 
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Analyte METHOD PQL (ug/1) MDL (ug/1) 
trans-1,2-Dichloroethene 8260 1 0.162 

trans-1,3-Dichloropropene 8260 1 0.097 
trans-1,4-Dichloro-2-butene 8260 10 _ 0.97 

Trichloroethene 8260 1 0.177 
Trichlorofluoromethane 8260 1 0.176 

Vanadium 6020/6010 10 1 
Vinyl acetate 8260 10 3.29 

Vinyl chloride 8260 1 0.153 
Xylenes, Total 8260 3 0.208 

Zinc 6020/6010 10 3 

Notes: 
ug/1 = micrograms per liter 
PQL = Practical Quantitation Limit 
MDL = Method Detection Limit 

8/8 
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PERMIT ATTACHMENT 1 
Appendix J 

STATISTICAL PROCEDURES 

1.0 HIGHLIGHTS 

In accordance with 40 CFR 264.97(g), the Permittees shall collect an appropriate number of 
samples from the monitoring wells specified in Permit Section V.D or Permit Section VI.D. The 
Permittees shall ensure that an appropriate number of background samples for the preferred 
method of statistical analysis shall have been collected prior to the scheduled date of the 
statistical analysis. 

Statistical analysis of the ground water data shall include the following: 

• Outliers 
• Testing of normality 
• Evaluation of data below detection limits or quantitation limits 
• Selection of statistical method 
• Verification sampling strategy (optional) 
• Comparison of point of compliance monitoring well data to the Concentration 

Limit specified in Permit Attachment N (GPS) (Ground Water Protection 
Standards - Concentration Limit of Constituents for Ground Water 
Protection) 

2.0 OUTLIERS 

All data shall be investigated to verify outliers. An outlier refers to a data point that is an 
inconsistently large or small value. Outliers may be due to sampling, laboratory, transportation 
or transcription errors. To remove the possibility of including data with this type of error, the 
Permittees should screen the historical data for each monitoring well and constituent for the 
existence of outliers (USEPA 1992, §6.2) using the method described by Dixon (1953). The 
Permittees shall receive approval from the Department before eliminating any outliers. 

3.0 TESTING NORMALITY OF DATA DISTRIBUTION 

The Permittees shall verify that the distribution of the monitoring data for the Hazardous 
Constituents is consistent with the assumptions of the selected statistical test method(s). The 
Permittees shall determine whether the distribution of the monitoring data is normal or 
lognormal using a multiple group version of the Shapiro-Wi lk test. The monitoring data is log-
normally distributed if, when the original monitoring data is transformed by taking the natural 
logarithms, the distribution of the transformed monitoring data is normally distributed. 

The Permittees may use any other appropriate method for testing the distributional assumptions 
(see Gibbons 1994a for a review, also see USEPA 1992). However, the Permittees must 
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demonstrate to the satisfaction of the Department that the alternative method can detect 
deviations from normality with similar power as the Shapiro- Wilk and Shapiro-Francia methods. 

The Permittees is not required to test for normality when the percentage of non-detects or non-
quantified values is greater than 50 percent. 

4.0 EVALUATION OF MONITORING DATE BELOW DETECTION LIMITS OR 
QUANTITATION LIMITS 

The Permittees shall evaluate the ground water monitoring data that is less than the laboratory 
detection limit or quantitation limit as specified below. 

4.1 If the percentage of non-detects or non-quantified values is less than 25 percent, then the 
Permittees shall replace the non-detects or non-quantified values with one-half the 
laboratory limit of detection or quantitation in accordance with 40 CFR 264 97(h) and 
264.97(i)(5). 

4.2 If the percentage of non-detects or non-quantified values is between 25 percent and 50 
percent, then the Permittees may adjust the mean and standard deviation using Atchison's 
method (USEPA 1992, §2.2.2 and Aitchison, 1955). An acceptable alternative to 
Aitchison's method is Cohen's maximum likelihood estimator (Cohen, 1961). Extensive 
tables and computational details are also provided in Gibbons, 1994a. The approach for 
selection between the two methods is described in USEPA (1992, §2.2.1.). 

4.3 If the percentage of non-detects or non-quantified values is greater than 50 percent, then 
the Permittees may use a non-parametric method. 

4.4 If 80 percent or greater of the data are non-detects, or if the data follow a Poisson 
distribution, then the Permittees may use an interval method which is based on the 
Poisson distribution (USEPA 1992, §2.2.4 and 2.2.5). 

5.0 SELECTION OF STATISTICAL METHODS 

5.1 Level of Significance (Performance Standards) 

The Permittees shall select statistical methods that achieve a level of significance (Type I 
error) of no less than 0.01 for individual monitoring well comparisons, and no less than 
0.05 for multiple comparisons, in accordance with 40 CFR 264.97(i)(2). However, these 
performance standards do not apply for prediction intervals, tolerance intervals, and 
control charts. The false positive rate for these interval methods or control charts may 
depend on the number of data points available from the background monitoring well(s) at 
the time of statistical comparison. A larger number of background data points can 
decrease the false positive rate for these tests. 
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If the Permittees uses an interval or other statistical method, and if the selected method 
requires additional samples, then the Permittees shall collect the additional samples prior 
to the date specified in Permit Section V.I.7. The statistical comparison shall not be 
delayed due to collection of an inadequate number of samples. 

The false positive rate for a single constituent/well comparison shall not be lower than 
0.01 unless the Permittees can demonstrate that an alternative false positive rate will 
provide at least 50 percent power to detect a 3 standard deviation increase above 
background levels and 80 percent power to detect a 4 standard deviation increase above 
background levels. 

5.2 Selection Criteria 

After determining the distribution of the data, the Permittees shall select appropriate 
statistical methods based on the following: 

5.2.1 If the detection frequency is less than 20 percent (i.e. non-detects greater than 80 
percent) and/or data are shown to fit a Poisson distribution, then the Permittees 
may use a Poisson prediction or tolerance limit. 

5.2.2 If the detection frequency is less than 50 percent (i.e. non-detects greater than 50 
percent) or transformation fails to bring about normality, then the Permittees may 
use a non-parametric method. 

5.2.3 If the detection frequency is between 50 percent and 75 percent (i.e. non-detects 
between 25 percent and 50 percent), then the Permittees may use a parametric test 

. performed with an adjustment for non-detects; Aitcheson's or Cohen's 
adjustments are recommended. Determination of the appropriate adjustment to be 
applied shall be based on the properties of the data set (USEPA, 1992, §2.2). 

5.2.4 If the detection frequency is 75 percent or greater, then the Permittees may use an 
appropriate parametric test without adjusting for non-detects. Non-detects should 
be analyzed using one-half the limit of detection or quantitation. 

5.3 Statistical Methods 

5.3.1 Interval Methods 

If the Permittees uses an interval method and the percentage of detects is greater 
than 50 percent, then the Permittees shall test the monitoring data from the 
background monitoring well(s) for normality. If the monitoring data from the 
background monitoring well(s) are normally or log-normally distributed, then the 
Permittees may use a parametric interval method. Appendix 2 (see below) 
provides the suggested minimum number of samples for calculation of parametric 
interval methods that are acceptable to the Department. 

If the background monitoring well(s) monitoring data are neither normally nor 
log-normally distributed, then the Permittees may use either a non-parametric 
interval method or an interval method based on the Poisson distribution (if 
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appropriate). Appendix 2 provides suggested test methods and recommended 
minimum sample size requirements. 

The Permittees may conduct a statistical analysis with a smaller data set than the 
suggested size at any time. However, these methods can lead to higher false 
positive or false negative rates with smaller samples sizes. For each sampling 
event, the Permittees shall calculate the appropriate interval for the background 
monitoring well(s) based on the method selected, and compare the monitoring 
data from each point of compliance monitoring well to the calculated upper limit. 
If the point of compliance monitoring well data exceeds the upper limit for any 
constituent, then the Permittees shall report that there has been a statistical 
increase of contaminants in the ground water, in accordance with Permit Section 
V.I.6 or Permit Section VI.I.6. 

5.3.2 Alternative Statistical Methods 

The Permittees may use alternative statistical methods that meet the performance 
standards specified in 40 CFR 264.97(i). The Permittees shall obtain approval 
from the Department prior to using alternative statistical methods. If the 
Permittees selects any other statistical method not listed in 40 CFR 264.97(h), 
then the Permittees shall collect an appropriate number of samples and shall 
maintain the appropriate level of significance and power, as specified above. 

6.0 VERIFICATION SAMPLING (OPTIONAL) 

Verification resampling can be an integral part of the statistical methodology (USEPA, 1992, 
§5); however, it should be considered as a part of the statistical test and based on the site specific 
condition. Because the probability of an initial exceedance is very high for the site as a whole 
(considering only test wise false positive rates), the verification sample is considered as a part of 
the evaluation to conclude a statistically significant exceedance. 

A pre-planned verification sample can be incorporated into the calculation of the statistical limits 
to calculate an upper limit using a smaller false positive rate. Without verification resampling, 
an attempt to minimize the false positive rates will lead to unacceptably large prediction limits. 
This will increase the false negative rates and decrease the power of the test to detect a release 
from the facility. All verification samples must be collected at the earliest time possible (prior to 
next scheduled sampling event) or as approved by the Department or as specified in this permit. 
The Department shall be informed of any planned verification resampling in advance. 

Verification resampling can involve one or two samples. The Department's preferred strategy 
includes passing one verification resample or passing one of two verification resamples. 
Statistical analyses that incorporate verification samples must provide at least 50 percent power 
to detect a 3 standard deviation increase above background levels and 80 percent power to detect 
a 4 standard deviation increase above background levels. 

7.0 COMPARISON OF GROUND WATER MONITORING WELL DATA TO THE 
CONCENTRATION LIMITS SPECIFIED IN PERMIT ATTACHMENT 2, 
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APPENDICES G, J AND K (UNIT 5) AND PERMIT ATTACHMENT 3 
APPENDIX G (UNIT 16) 

7.1 Comparison of Ground Water Monitoring Well Data to Background 

In accordance with 40 CFR 264.92, the Permittees shall ensure that the Hazardous 
Constituents specified in Permit Attachment 2, Appendices G, J and K (Unit 5) and 
Appendix G in Permit Attachment 3 (Unit 16) do not exceed the Concentration Limits 
(GPS)beyond the point of compliance. The Permittees shall compare the point of 
compliance monitoring data for each Hazardous Constituent to the Concentration Limit 
specified in Permit Attachment 2, Appendices G, J and K (Unit 5) and Appendix G in 
Permit Attachment 3 (Unit 16). If a 95% confidence upper limit calculated from the 
background ground water monitoring data exceeds the maximum contaminant levels 
(MCLs) taken from EPA's Drinking Water Regulations and Health Advisories, or 
alternate concentration limits (ACLs), then Permit Attachment 2, Appendices G, J and 
K (Unit 5) and Appendix G in Permit Attachment 3 (Unit 16) will specify the 
background a 95% confidence upper limit as the Concentration Limit. 

If the Concentration Limit specified in Permit Attachment 2, Appendices G, J and K 
(Unit 5) and Appendix G in Permit Attachment 3 (Unit 16) is based on background 
monitoring data, (i.e. tolerance or prediction limit), then the ground water monitoring 
data shall be compared to the Concentration Limit specified in Permit Attachment 2, 
Appendices G, J and K (Unit 5) and Appendix G in Permit Attachment 3 (Unit 
16)using a point comparison. If the ground water monitoring data exceeds the 
background based Concentration Limit specified in Permit Attachment 2, Appendices 
G, J and K (Unit 5) and Appendix G in Permit Attachment 3 (Unit 16), then the 
Permittees shall notify the Director of this finding in writing within seven days, in 
accordance with Permit Section V.I. 

7.2 Comparison of Ground Water Monitoring Data to a Fixed- Standard 

In accordance with 40 CFR 264.92, the Permittees shall ensure that the Hazardous 
Constituents specified in Permit Attachment 2, Appendices G, J and K (Unit 5) and 
Appendix G in Permit Attachment 3 (Unit 16)do not exceed the specified 
Concentration Limit beyond the point of compliance. The Permittees shall compare the 
point of compliance monitoring data to the Concentration Limit specified in Permit 
Attachment 2, Appendices G, J and K (Unit 5) and Appendix G in Permit 
Attachment 3 (Unit 16). 

If the Concentration Limit specified in Permit Attachment 2, Appendices G, J and K 
(Unit 5) and Appendix G in Permit Attachment 3 (Unit 16) is based on a fixed-
standard rather than background monitoring data, then the Permittees shall compare the 
ground water monitoring data to the Concentration Limit specified in Permit 
Attachment 2, Appendices G, J and K (Unit 5) and Appendix G in Permit 
Attachment 3 (Unit 16) using the 95 percent lower confidence limit (LCL), computed 
from the last four sampling values (collected during the last 12 months). 

Fixed-standards are based on the following: 



Post-Closure Permit Reissuance Application DRAFT Radford AAP 
Page 7 of 13, Appendix J to A ttachmentJ - Statistical Procedures 

EPA ID Vo l.A 121002 70730 
y/2J/20/j 

• the maximum contaminant levels (MCLs) taken from EPA's Drinking Water 
Regulations and Health Advisories in effect at the time of the permit issuance; 

» alternate concentration limits (ACLs) calculated using the Department's Risk 
Exposure Analysis Modeling System (REAMS); 

• Table 1 to 40 CFR 264 or, 

• the Department accepted Quantitation Limit (QL) listed in SW-846, i f the 
MCL and/or ACL is less than the Department accepted Quantitation Limit 
(QL). 

7.2.1 Parametric Confidence Interval 

If the data are either normally or log-normally distributed, then the Permittees 
may use a parametric confidence interval to compare the ground water monitoring 
data at the point of compliance to the fixed- standard Concentration Limit 
specified in Permit Attachment 2, Appendices G, J and K (Unit 5) and 
Appendix G in Permit Attachment 3 (Unit 16). The Permittees shall calculate 
the 95 percent lower confidence limit (LCL) on the last four samples (collected 
during the last 12 months) and shall compare the calculated LCL to a fixed-
standard Concentration Limit specified in Permit Attachment 2, Appendices G, 
J and K (Unit 5) and Appendix G in Permit Attachment 3 (Unit 16). If the 
calculated LCL of the ground water monitoring data exceeds the fixed-standard 
Concentration Limit specified in Permit Attachment 2, Appendices G, J and K 
(Unit 5) and Appendix G in Permit Attachment 3 (Unit 16), then the Permittees 
shall notify the Director of this finding in writing within seven days, in 
accordance with Permit Section V.I. 

7.2.2 Non-parametric Confidence Interval 

If the data are neither normally nor log-normally distributed, then the Permittees 
may use the minimum concentration from the last four samples (collected during 
the last 12 months) to compare the ground water monitoring data at the point of 
compliance to the fixed- standard Concentration Limit specified in Permit 
Attachment 2, Appendices G, J and K (Unit 5) and Appendix G in Permit 
Attachment 3 (Unit 16). If the minimum concentration of the ground water data 
exceeds the fixed-standard Concentration Limit specified in Permit Attachment 
2, Appendices G, J and K (Unit 5) and Appendix G in Permit Attachment 3 
(Unit 16), then the Permittees shall notify the Director of this finding in writing 
within seven days, in accordance with Permit Section V.I. 

7.2.3 Alternative Statistical Methods 

Alternative statistical methods for comparing the lower limits of ground water 
monitoring data at or beyond the point of compliance to the Concentration Limit 
specified in Permit Attachment 2, Appendices G, J and K (Unit 5) and 
Appendix G in Permit Attachment 3 (Unit 16) based on a fixed- standard shall 
be approved by the Department prior to implementation. If the lower confidence 
limit or minimum concentration exceeds the fixed-standard Concentration Limit 
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specified in Permit Attachment 2, Appendices G, J and K (Unit 5) and 
Appendix G in Permit Attachment 3 (Unit 16), then the Permittees shall notify 
the Director of this finding in writing within seven days, in accordance with 
Permit Section V.I . 

7.3 Comparison of Ground Water Monitoring Well Data Using a Point Comparison (Non-
statistical) 

7.3.1 The Permittees may choose to use a point comparison (non-statistical approach), 
rather than one of the statistical methods specified above, to compare the point of 
compliance monitoring data with the Concentration Limit specified in Permit 
Attachment 2, Appendices G, J and K (Unit 5) and Appendix G in Permit 
Attachment 3 (Unit 16). If the point of compliance monitoring data exceeds the 
Concentration Limit specified in Permit Attachment 2, Appendices G, J and K 
(Unit 5) and Appendix G in Permit Attachment 3 (Unit 16), then the Permittees 
shall notify the Director of this finding in writing within seven days, in 
accordance with Permit Section V.I. 

7.3.2 If fewer than the minimum of four concentration values have been collected 
during the last 12 months, then the Permittees may also use a point comparison 
(non-statistical approach) to compare the point of compliance monitoring data to 
the fixed-standard Concentration Limit as specified in Permit Attachment 2, 
Appendices G, J and K (Unit 5) and Appendix G in Permit Attachment 3 
(Unit 16). If the ground water monitoring data exceeds the fixed-standard 
Concentration Limit specified in Permit Attachment 2, Appendices G, J and K 
(Unit 5) and Appendix G in Permit Attachment 3 (Unit 16), then the Permittees 
shall notify the Director of this finding in writing within seven days, in 
accordance with Permit Section V.I. 

7.3.3 If a point comparison indicates that the point of compliance monitoring data 
exceeds the fixed-standard Concentration Limit specified in Permit Attachment 
2, Appendices G, J and K (Unit 5) and Appendix G in Permit Attachment 3 
(Unit 16), and the facility chooses not to use data from the previous three 
sampling events, then the Permittees shall collect additional samples (at least 
three additional samples are necessary to calculate a confidence interval) within 
the next 3 months and shall perform a statistical comparison to the fixed-standard 
Concentration Limit specified in Permit Attachment 2, Appendices G, J and K 
(Unit 5) and Appendix G in Permit Attachment 3 (Unit 16). 
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APPENDIX J.l 

COCHRAN'S APPROXIMATION TO THE BEHRENS-FISHER STUDENT'S T-TEST 

Using all the available background data (nb readings), calculate the background mean (X b) and 
background variance (sb

2). For the single monitoring well under investigation (nm reading), 
calculate the monitoring mean (X m) and monitoring variance (sm

2). 

For any set of data (X,, X 2...X n) the mean is calculated by: 

J _ X ! + X2 + X3+ • X„ 

n 

and the variance is calculated by: 

=2 _ {Xx - X)2 + (X2-X)2+- {X„ - X)2 

n-l 

where "n" denotes the number of observations in the set of data. 

The t-test uses these data summary measures to calculate a t-statistic (t*) and a comparison t-
statistic (tc). The t* value is compare to the t c value and a conclusion reached as to whether there 
has been a statistically significant change in any indicator parameter. 

The t-statistic for all parameters except pH and similar monitoring parameters is: 

• _ X m ~ X b 

imii 
\ » m n b 

If the value of this t-statistic is negative then there is no significant difference between the 
monitoring data and background data. It should be noted that significantly small negative values 
may be indicative of a failure of the assumption made for test validity or errors have been made 
in collecting background data. 

The t-statistic (tc), against which t* will be compared, necessitates finding tband t m standard (one-
tailored) tables where, 
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tb=t-tables with (n b-l) degrees of freedom, at the 0.05 level of significance. 

tm=t-tables with (nm-l) degrees of freedom, at the 0.05 level of significance. 

Finally, the special weightings Wb and Wm are defined as: 

nm 

and so the comparison t-statistic is: 

t _Whth+Wmtm 

+ 

The t=statistic (t*) is now compared with the comparison t-statistical (tc) using the following 
decision rule: 

Iff* is equal to or larger than t c then include that are most likely has been a significant 
increase in this specific parameter. 

If t* is less than t c then conclude that there most likely there has been a change in this 
specific parameter. 

The t-statistic for testing pH and similar monitoring parameters is constructed in the same 
manner as previously described except the negative sign (if any) is discarded and the caveat 
concerning the negative value is ignored. The standard (two-tailed) tables are used in the 
construction t c for pH and similar monitoring parameters. 

If t equal to or larger than tc, then conclude that there most likely has been a significant increase 
(if the initial t had been negative, this would imply a significant decrease). If t* is less than t c, 
then conclude that there most likely has been no change. 

A further discussion of the test may be found in Statistical methods (6th Edition, Section 4.14) 
by G.W. Snedecor and W.G. Cochran, or Principles and Procedures of Statistics (1st Edition, 
Section 5.8) by R.G.D. Steel and J.H.Torrie. 



Post-Closure Permit Reissuance Ipplicatton DRAFT Radford AAP 
Page 11 of 13. Appendix J to Attachment 1 - Statistical Procedures 

EPA ID So VAI2100270730 
9/23/2013 

TABLE 1 

Standard T-Tables for 0.05 Level of Significance 

one-tail two-tail 
ree of Freedom t-values t-values 

1 6.314 12.706 
2 2.920 4.303 
3 2.353 3.182 
4 2.132 2.776 
5 2.015 2.571 
6 1.943 2.447 
7 1.895 2.365 
8 1.860 2.306 
9 1.833 2.262 
10 1.812 2.228 
11 1.796 2.201 
12 1.782 2.179 
13 1.771 2.160 
14 1.761 2.145 
15 1.753 2.131 
16 1.746 2.120 
17 1.740 2.110 
18 1.734 2.101 
19 1.729 2.093 
20 1.725 2.086 
21 1.721 2.080 
22 1.717 2.074 
23 1.714 2.069 
24 1.711 2.064 
25 1.708 2.060 
30 1.697 2.042 
40 1.684 2.021 

Adapted from Table III of "Statistical Tables for Biological Agricultural and Medical Research" 
(1947, R.A. Fisher and F.Yates) [47 F R 32367, July 26,1982] 



Post-Closure Permit Reissuance Application DR.AFT Radford AAP 
Page 12 oj 13, Appendix J to Attachment 1 - Statistical Procedures 

EPAID\o Vll2100270730 
9/23/2013 

APPENDIX J.2 

SUGGESTED MINIMUM SAMPLES 

STATISTICAL 
TEST 

PARAMETRIC NON-
PARAMETRIC 

NON-
PARAMETRIC 

INTERVAL 
^CONFIDENCE 

CABF T-test 4 NA NA 
Wilcoxon Rank Sum NA 5 NA 
Confidence Interval 4 NA NA 
Tolerance Interval 8 19 95% 
Prediction Interval 8 13 99% # 
Poisson Prediction 
Interval 

8 NA NA 

Shewhart CUSUM 
Chart+ 

8 NA NA 

NOTES: 

The above tests can be used with fewer samples, however it will increase the false 
positive rate. 

# Includes one verification re-sample, use 19 samples for a 95% Prediction Interval 
with no verification re-samples. 

+ For Intra-well testing only. 
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Appendix K to ATTACHMENT 1 
METHODOLOGY FOR GROUNDWATER MONITORING WELL ABANDONMENT 

The Permittees shall receive prior approval from the Department to abandon any monitoring 
wells and/or piezometers. The following procedures shall be used 

A. Monitoring wells and/or piezometers will be abandoned by pressure grouting methods. 
Surface installations (protective covers or manholes) will be removed and an attempt to 
pull the casing string with the rig will be made. Once this has either been accomplished 
or has failed, grouting operations will commence as described below. 

1. Monitoring well abandonment will be accomplished by lowering a tremie pipe to 
the bottom of the borehole. 

2. Portland cement/bentonite grout will then be pumped down the tremie pipe until 
an even flow of consistent grout returns at the surface. 

3. The tremie pipe will be removed from the borehole on completion of grouting 
operations and a minimum four inch thick and six foot diameter concrete cap will 
be constructed over the grouted borehole. 

B. Removed casings will be steam cleaned, cut up into manageable sections, and disposed of 
as refuse. 

C. All tremie rods and other downhole equipment will be steam cleaned prior to introduction 
into the hole or well. 

D. All decontamination fluid will be containerized and handled pursuant to decontamination 
fluid handling procedures contained in Permit Condition I.B.2. 
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Responsibility 

Based on discussions with Fi,-;!.*, , , 
Radford AAP have m ^ U ^ ^ J ^ ^ K ^ .0 ,h 

* 4 u^'o;, cnese include-

Manufacturing of explosives and propellants; 

' - " f o a l .arena, as d.reaed for 

' 

S S ^ ^ ^ a a a 
° f -PP'ies, equipment, ' 

• Mobilization planning, including review and revision of ptat as required; 

' S T * 3 1 m a i " t C O a " C e » * "tainistracive functions of subinstailations; 

Support services for tenants. 
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DATE 

August 1940 

First Revision August, 

T A B L E B - I 

CHRONOWorCAt LIST OF MAJOR ACTIVITIES AT RADFORD AAP 

September 1940 

April 1941 

1941 

1941/45 

1945 

1945 

1946-49 

1949 

1950 

1950/51 

1951 

1967/63 

1970/72 

1971 

1972 

1972 

1973 

May 1974 

1976 

1978 

1980 

1983 

1986 

1987 

December 1988 

1990 

November 1992 

1992 

January 1993 

1993 

October 1994 

March 1995 

- ACTIVITY 

Sr^^^ 
Construction of Radford Plant 

Production started at Radford Plant 

Separate New River bag loading plant constructed 

Construction of various facilities continued 

Consolidation of Radford and New River plants 

Production stoppcd-plant in standby 

Ammonium nitrate produced m Acid Area 

Limited resumption of powder production 

Plant reactivated for Korean Conflict 

Large areas of plant rehabilitated 
Multibase propellant and cast rocket grain facilities constructed 
Continuous TNT lines constructed 
New acid plants constructed 

Continuous nitrocellulose nitration construction started 

Continuous Automated Single-Base Line MoTMl conversion started 
Construction started on biological wastewater treatment plant 
Cline Nitrocellulose Manufacturing Area closed 
TNT plant reopened 
TNT plant placed on standby 
C-foie Nitrocellulose Manufacturing Area reopened 
TNT plant cleanup, preparation for long-term standby 
Nitroglycerin facility went on line 

Upgrade to biological wastewater treatment plant began 
Explosion at nitroglycerin facility 

Operating permit approved for explosive waste incinerators 

AiliantTechsystems, Inc. buyout of Hercules complete 

Source: Modified from USATHAMA, 1976 



a ^ a c w , . , , ^ 
First Revision. August, J999 

TABLE B-2 

RESULTS OF ANALYSIS OF INFLUENT WASTE SAMPLE 

TAKEN DURING LOW FLOW FROM HWMU-5 

PARAMF.7TP 

PH 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

E£SJJLT 

1.5 

ND 

ND 

0.029 mg/l 

0.20 mg/l 

ND 

0.020 mg/l 

ND 

ND 

ND = Not Detected 

Source: USAEHA (December 1981) 
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fMf-C/ojurg ffrm/f 2,oncg O/WfT 
Appendix E to Attachment 7 - enhance Man«ar,m Constituent, EPA ID No VA 12100270730 

9/15/2011 

ATTACHMENT 2, UNIT 5 

APPENDIX E 

G R O U N D W A ^ ^ ^ 

# 

Constituents 

Suggested 
SW-846 
Methods 

6010, 

Practical 
Quantitation 

Limits 
ID 

3" 



•

Post-close Permit, Radford AAP Unit 5 FPA m\i 

I ^ m f a E to Attachment 2 - C n m n l ^ M o m t n n n ( r r — . . , , ^ / / / T g ^ 
o-Nitroanilene; 2- 8270 10 
p-Nitroanilene; 4- 8270 20 
Nitrobenzene 8270 10 

Note: 
1-

# 

All methods are as described in EPA's SOW* r^ / A^fAodk/or f Wwofmg ̂ //W ^ 
August 1, 2000. Web site: http://www.epa.gov/eDaoswer/hazwaste/test/mAin htm 

Single samples are required for each parameter and constituent during each sampling 

Alternate SW-846 Methods may be approved by the Department if the request is in 
writing and submitted at least 30 days prior to the sample collection event Proposed 
alternated methods shall achieve the same practical quantitation limit/estimated 
quantitation limit (or lower) as the specified method. 

# 
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ATTACHMENT2: UNIT5 

APPENDIX F 

GROUND WA TER INITIAL BA CKGROUND DA TA 

Background concentrations were calculated for each constituent in the groundwater monitoring 
program using the analytical data from First Quarter 1996 through First Quarter 1999 for 
upgradient well 5W8B. The background concentration calculations were based on site wide 95% 
confidence, 95% coverage upper prediction intervals. 

The calculated background concentrations for antimony, arsenic, selenium, chloromethane, 1,2-
dichloroethane, trans-1,2-dichIoroethene, methylene chloride, tetrachloroethene, toluene, 1,1,2-
trichloroethane, trichlorofluoromethane, vinyl chloride, xylenes, bis (2-ethylhexyl) phthalate,' di
n-butyl phthalate, diethyl phthalate, diphenylamine, and 2,6-dinitrotoluene are the same as their 
respective detection limits. 



TABLE 2 
HWMU-5 

CALCULATED BACKGROUND VALUES 

Constituent 
Background Concentration 

(Mgrt unless otherwise noted) 
Antimony 1 3 
Arsenic 1 I 
Banum 172.87 
Beryllium 1 0.7 
Cadmium 1.45 
Cobalt 7 1 

Copper IS 
Lead " " 1 io 
Mercury 0.9 
Nickel 106 
Selenium 1 1 
Silver 1 2.3 
Thallium 2 
Vanadium 17 

| Zinc 75 
| Acetone 1 89 
| Benzene 0.1 
1 Chloroform 0.5 
j Chloromethane 0.3 • 
I 1,2-DichIoroethane 1 0.1 
j Methylene chloride 0.7 
j Methylethylfcetone 21.3 
| Tetrachloroethene 0.1 
j Toluene 0.1 
1 trans-l,2-DichIoroethene 0.1 
1,1,2-Trichloroethane 0.5 j 
Trichloroethene 0.8 
Trichlorofluoromcthane 0.5 
Vinyl chloride 0.1 
Xylenes (total) 0.1 
Bis (2-ethythexyl) phthalate 10 j 

Diethyl phthalate 
Diphenylamine 10 
2,4-Dinitrotoluene 
2,6-Dinitro toluene 

0.18 

Total Organic Carbon 
Total Organic Halides 
Specific Conductivity 

0.08 
253,000 

13.4 

450 uS/cm 
PH 2.79 to 7.47 pH units" 
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Post-Closure Permit Reissuance Application DRAFT Radford AAP 
Appendix G to Attachment 2 - GPS 

EPA ID No VAI2100270730 
5/23/2012 

Attachment 2 

APPENDIX G 

GROUNDWATER PROTECTION STANDARDS: UNIT 5 

Unit: ug/1 Unless Otherwise Noted 

Constituents 
SW-
846 

Meth 
od 

PQL 

(Mg/l) 

Back
ground 
(ug/1) 

USEPA 
MCL 

(Mg/l) 

VDEQ 
ACL 

(Mg/l) 

EPA 
RSL 

(Mg/l) 
GPS 

(Mg/l) 

Antimony, total 6010, 
6020 

3 3 6 6 

Arsenic, total 6010, 
6020 

10 1 10 10 

Barium, total 6010, 
6020 

10 172.87 2,000 2,000 

Beryllium, total 6010, 
6020 

1 0.7 4 4 

Cadmium, total 6010, 
6020 

0.1 1.45 5 5 

Chromium, total 6010, 
6020 

5 5 100 100 

Cobalt, total 6010, 
6020 

7 7 4.7 7 

Copper, total 6010, 
6020 

5 18 1,300* 1,300* 

Lead, total 6010, 
6020 

1 10 15* 15* 

Mercury, total 7470 
A 

2 0.9 2 2 

Nickel, total 6010, 
6020 

10 106 300 300 

Selenium, total 6010, 
6020 

10 1 50 50 

Silver, total 6010, 
6020 

2 2.3 71 71 

Thallium, total 6010, 1 2 2 
~ 2 



Post-Closure Permit Reissuance Application DRAFT- Radford AAP 
Appendix G to Attachment 2 - GPS EPA ID No VA 12100270730 

_ 5/23/2012 

6020 
Vanadium, total 6010, 

6020 
10 17 63 63 

Zinc, total 6010, 
6020 

10 75 4700 4700 

Acetone 8260 10 89 12000 12000 
Chloroform 8260 1 0.5 80* 80" 
Dichlorodifluoromethane 8260 1 1 190 190 
1,2-Dichloroethane 8260 1 0.1 5 5 
Diethyl ether 8260 12 12 7300 7300 
Methylene chloride 8260 1 0.7 5 5 
Methyl ethyl ketone 8260 100 21.3 4900 4900 
Toluene 8260 5 0.1 1,000 1,000 
Trichloroethene 8260 1 0.8 5 5 
Xylenes (total) 8260 1 0.1 10,000 10,000 
Bis (2-ethyIhexyl) 
phthalate 

8270 10 10 
4.8 

10 

Diethyl phthalate 8270 10 0.2 11000 11000 
2,4-Dinitrotoluene 8270 10 0.18 0.2 10 
2,6-Dinitrotoluene 8270 10 0.08 0.042 10 
o-Nitroanilene; 2- 8270 10 10 150 150 
p-Nitroanilene; 4- 8270 20 20 3.3 20 
Nitrobenzene 8270 10 10 0.12 10 1 

NOTES: 

EPA MCL: Maximum Contaminant Level of USEPA National Primary Drinking Water 
Regulations (April, 2002). * - Action Level. Subject to change without notice as 
directed by DEQ. 

Background: Calculated using analytical data from First Quarter 1996 through First 
Quarter 1999 for upgradient well 5W8B. 

DEQ ACL: VA DEQ Alternate Concentration Limit, Dec 2013. Subject to change 
without notice as directed by DEQ. 

RSL: Developed by Oak Ridge National Laboratory under an Interagency Agreement 
with EPA (June 2011). Subject to change when it is updated. 

#: The MCL for total Trihalomethanes, including Bromodichloromethane, Bromoform 
Dibromochloromethane, and Chloroform, is 80 gm/1. 



Post-Closure Permit Reissuance Application DRAFT Radford AAP 
Appendix G to Attachment 2 - GPS 

EPA ID No VA12100270730 
5/23/2012 

For any monitoring event, if a GPS for a constituent in the table above is based on a PQL, the Permittee 
will perform verification of a detection (1 e value greater than the Detection Limit) of such a 
constituent using low-level analytical methods, if such methods are standard methods that are 
routinely available from commercial laboratories Furthermore, the low-level analytical method 
will be used only if the PQL achievable by that method is less than, or equal to, the ACL or RBC 
for the subject constituent If the verification event confirms a quantifiable detection (1 e value 
greater than the PQL) above the applicable ACL or RBC, a revised background concentration will 
be established using low-level analytical methods, if appropriate, and the GPS will be updated 
based on the new background concentration if warranted 

i 
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TABLE 1 
Monitoring Well Survey Data 

Hazardous Waste Management Unit 5 
Radford AAP, Radford, Virginia 

ELEVATION AT TOP | — j 

WELL ID 
OF PVC CASING NORTHING EASTING 

WELL ID (NAVD 88) (NAD 83) (NAD 83) 
5W8B 1788.45 3597013.8437 10889252.8779 

5WC11 1789.14 3597013.7930 10889263.3700 
5WC12 1789.20 3597026.8562 10889253.7294 
S5W8 1783.91 3597056.3385 10889309.4175 
5WCA 1779.28 3597208.7913 

3597294.1823 
10889384.8283 

5W5B 1773 94 
3597208.7913 
3597294.1823 10889379.5167 

5W7B 1773.79 3597348.5604 10889315.7553 
5WC21 1773.71 3597353.5337 10889369.7108 
5WC22 1773.72 3597348.9117 10889380.8472 
5WC23 1773.10 3597343.9377 10889391.9867 
S5W5 1771.23 3597495.8112 10889256.6655 
S5W6 1770 69 3597387.7138 10889440.2909 
S5W7 1775.59 3597373.2666 10889116.7232 
5W9A 1760.66 3597536.6534 10889800 3133 

5W10A 1769.93 3597864.5629 10889805.8722 
10889592.8933 

5W11A 1764.95 3598022.7203 
10889805.8722 
10889592.8933 

5W12A 1772.46 3597548.9323 10889518.8907 



DRAPER ADEN ASSOCIATES 
Engineers • Geologists • Hydrologists 

LOG OF 5W12A 
(1 o f l ) 

Client Radford Army Ammunition Plant 

Project HWMU-5 Well Installation 

Project Number 
Drilling 

B03204-301 

Location RAAP HWMU-5 

Northing 3,597,548.93230000 
Total 
Depth 32.0' |ElevGS 1770.1 

Easting 10,889,518.89070000 

Reference Ground Surface 

Company Davidson Drilling 

D""er Chase Davidson 
Boring 
Method 

Logged by 

Geoprobe + 3.25 in HSA 

RGM 

Completion Date February 22,2010 Samp 
ID 

Blow 
Counts 

N 
Value 

Depth 
Scale DESCRIPTION (USC) 

- 10-

~) Dark brown fine silty sand with plant matter trace 7TTT 
"1\ carbonate gray_el_rnpist . j r J y l 
\Bjow^gne^u^and^trac^r^anl matter, dampj J / / / 
Yellow brown fine clayey sand moist, to mottled ~ 
(yellow-brown, red-brown) fine clayey sand damp 

Mottled(yellow-browTi7ecT-brown) fmesandy clay " 
with black joint staining dry 

Stratum 
Elev 

T75W 
1769 I 

20-

Mottled (yellow-brown, brown) fine sandy silt with 
black joint staining, trace coarse rounded sand, moist 

Mottled (yellow^mwn,3row"n)line silty sand with ~ 
black joint staining trace medium to coarse sand 
moist 

Becoming wet at 17' 

Yellow-brown fine to coarse sand trace rounded 
quartz gravel, wet 1 ft recovery between 20-24 ft 

Yellow-brown fine to coarse sand, wet 

1766 1 

PID WELL 
(ppm) LOG H20 

1759 1 

1757 1 

1753 1 

sMottlelCxelJovv-bjiowrt brown] fine_sdryjan<L moist 
Brown medium to coarse sand, trace silt, damp to 
yellow-brown, fine to coase sand, wet 

- 30-

Yellow-brown fine to coarse clayey sand with gravel-

"\wet_ 

1750 6 

z 

1746 I 

1743 1 
• •1742,6 

w Probe refusal on gray carbonate rock, residuum at 32 
ft bgs 

1739 1 
1738 

1737 1 

1760 I 

1758 1 

REMARKS 

Surface completion - -2 5 
ft locking slick up with 
6x6x0 5 ft concrete well 
pad 

Depth to water 2/25/2010 
Measuring point elevation 
1772 46 ftmsl (top of 
PVC) 
Hydrated bemomte in outer 
annulusofPVC 
Riser - 2 in diameter 
schedule 40 PVC 

1738 6 
1738 I 

Depth to water during 
drilling 2/19/2010 

Screen - 2 in diameter 
schedule 40 PVC with 0 01 
in precut slots 
#2 sand in outer annulus of 
screen to 2 ft above 
screened interval 

Pipe cap ai bottom 



Draper Aden Associates 
2206 S. Main St. 

Blacksburg, VA 24060 

Phone 540-552-0444 

Pumping test Analysis Report 

Project: 5W12A Pump and Recovery Test 

Number: B03204-301 

Client: Radford Army Ammunition Plant 

0435 

c 
"to 

0871 

1 306 

1 742 

2177J 

5W12A [Theis Recovery) 

Vt 

Pumping Test: 5W12A Pump and Recovery 

Analysis Method: Theis Recovery 

Analysis Results: Transmissivity: 3.42E-3 [ft2/s] Conductivity 

m 5W12A 

1 25E-4 [ft/s] 

Test parameters- Pumping Well: 

Casing radius: 

Screen length: 

Boring radius-

Discharge Rate: 

Pumping Time 

Comments: 

5W12A 

0.084 [ft] 

20 [ft] 

0 29 [ft] 

1.8343583 [U.S. gal/min] 

70.718 [min] 

Aquifer Thickness: 

Unconfined Aquifer 

Depth to static water level measured from top of casino 
Manually adjusted best fit line 

27 5 [ft] 

Evaluated by-

Evaluation Date-

KMW-WDN 

3/3/2010 



Draper Aden Associates 
2206 S. Main St. 

Blacksburg. VA 24060 

Phone 540-552-0444 

Pumping Test Analysis Report 

Project: 5W12A Pump and Recovery Test 

Number: 803204-301 

Client: Radford Army Ammunition Plant 

0.72-

1 439 

1 m 

2159 

2 878 

3 598-J 

5W12APump and Recovery [Drawdown vs Time] 

44 287 88.574 132 862 177149 
Time [rmn] 

88.574 132 862 
• b j i ' i&rl < 

221 4 3 6 " a - 5 W 1 2 A 

Pumping Test: 5W12A Pump and Recovery 

Analysis Method: Drawdown vs. Time 

Analysis Results: 

Test parameters: Pumping Well: 

' Casing radius: 

Screen length: 

Boring radius: 

Discharge Rate: 

5W12A 

0.084 [ft] 

20 [ft] 

0 29 [ft] 

1.8343583 [U S. gal/min] 

Aquifer Thickness: 27.5 [ft] 

Comments: Time 0 - 9 949 minutes - pumping rate 1 gal/min. 
Time 9 949 - 42.098 minutes - pumping rate 2 gal/min 
Time 42 098 - 70.718 minutes - pumping rate 3 gal/min 
Time 70.718 - 221.463 minutes - recovery. 

Evaluated by 
Evaluation Date 

KMW-WON 
3/3/2010 



^ ̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^ Draper Aden Associates Pumping Test Data Report 

^ ^ ^ ^ ^ 
^ ^ ^ ^ 
^^^^^^^^ 

^ ^ 

2206 S Main St. Project. 5W12A Pump and Recovery Test ^ ^ ^ ^ ^ 
^ ^ ^ ^ 
^^^^^^^^ 

^ ^ 
Blacksburg, VA 24060 Number 803204-301 

Phone 540-552-0444 Client: Radford Army Ammunition Plant j Page 1 

O a ^ o b s ^ e d ^ 5^12A Pumping Test: 5W12A Pump and Recovery 
O ^ n c e ^ o m P W - 0 ^ Pumping Well: 5W12A 

Depth to Static WL: 6 89 [ft] Casing radius: 0 084 [ft] 

Location: HWMU-5 Boring radius' 0 29 [ft] 

Recorded by DWK I Screen length 20 [ft] 

Date: 2/25/2010 | Aquifer Thickness- 27.5 [ft] 

I Time [mm] Depth to WL [ft] Drawdown [ft] 
1 0 6.89 0 00 
2 0 005 6 87 -0.02 
3 0 01 6 86 -0 03 
4 0 015 

1 

6 86 -0 03 
5 0 02 1 6 87 -0 02 
6 

1 
0 025 6 88 I -0 01 

7 0 03 7 03 0 14 
8 0 035 7 05 016 
9 0 04 6.93 0.04 
10 0 045 6 90 I 0 01 
11 0 05 6 94 I 0 05 
12 0 055 6 97 0 08 
13 0 06 7 00 0 11 
14 0 065 7 03 0 14 
15 0.07 7 04 0 15 
16 0 075 7 05 0.16 
17 0 08 7 05 0 16 
18 0 085 7 07 0.18 
19 0 09 7 07 _ 

0.18 
20 0.095 7 08 0 19 
21 01 7 09 0.20 
22 0 106 7 10 0 21 
23 0 112 7 10 0 21 
24 0119 7 10 0 21 
25 0126 7 12 0 23 
26 0133 7 13 0 24 
27 0 141 7 12 0 23 
28 0.149 7 12 0 23 
29 0 158 7 12 0 23 
30 0 167 

i 
7 14 0 25 

31 0.177 | 714 0 25 



^ - ' - r 'X Draper Aden Associates 
2206 S. Mam St. 

X f i , 

>»' Blacksburg. VA 24060 
, =̂  

- • ' ^ Phone 540-552-0444 

Pumping Test Data Report 

Project- 5W12A Pump and Recovery Test 

Number 803204-301 

Client: Radford Army Ammunition Plant Page 2 

Data observed at: 5W12A 

Distance from PW 0 [ft] 

Depth to Static WL 6 89 [ft] 

Location. HWMU-5 

Recorded by DWK 

Date: 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

2/25/2010 

Time [mm] 

0 188 

0 199 

0 21 

0 223 

0 236 

0 25 

0 265 

0 28 

0 297 

0 315 

0 333 

0 353 

0 374 

0 396 

0 42 

0 445 

0 47 

0 496 

0 525 

0 555 

0 586 

0 621 

0 658 

0.696 

0 738 

0 781 

0 828 

0 876 

0 928 

0 983 

Pumping Test: 5W12A Pump and Recovery 

Pumping Well 

Casing radius 

Boring radius-

5W12A 

0 084 [ftj 

Screen length-

0 29 [ft] 

20 [ft] 

Aquifer Thickness 27.5 [ft] 

Depth to WL [ft] 

7 14 

7 16 r 
Drawdown [fl] 

7 16 

7 16 

0 25 

0 27 

0 27 

0 27 

7 16 

7 16 

0 27 

0 27 

7 17 

7 17 

0 28 

7 19 

0 28 

0 29 

7 19 

7 19 

7 19 

0 30 

7 20 

0 30 

0 30 

0 31 

7 20 

7 21 

0 31 

7 22 

7 22 

7 22 

7 22 

7 22 

0 32 

0 33 

0 33 

0 33 

0 33 

0 33 

7 23 

7 25 

0 34 

7 27 

7 27 

7 28 

7 27 

7 28 

7 29 

7 29 

7 30 

0 36 

0 38 

0 38 

0 39 

0 38 

0 39 

0 40 

0 40 

041 



Draper Aden Associates Pumping Test Data Report 

2206 S Main St. | Project- 5W12A Pump and Recovery Test 
Blacksburg, VA 24060 i Number 803204-301 

Phone 540-552-0444 | Client: Radford Army Ammunition Plant | Page 3 

Distance from PW 0 [ft] 
Pumping Test: 5W12A Pump and Recovery 

Depth to Static WL 6 89 [ft] 

HWMU-5 Location. 

Recorded by 

Date 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

DWK 

2/25/2010 

Time [mm] 

1 103 

1 168 

1 238 

1 311 

1 39 

1 473 

1 561 

1 655 

1 753 

1 858 

1 968 

2 085 

2 21 

2 341 

2 481 

2 63 

2 786 

2 953 

3 13 

3 316 

3 515 

3 725 

3 946 

4 131 

4 43 

4 693 

4 973 

5 27 

Pumping Well 5W12A 

Casing radius- 0 084 [ft] 

Boring radius. 0.29 [ft] 

Screen length: 20 [ft] 

- i Aquifer Thickness: 27 5 [ft] 

Depth to WL [ft] 

7 30 

7 30 

7 30 

7 31 

Drawdown [ft) 

041 

0 41 

0 41 

7 31 

7 31 

7 28 

7 28 

7 27 

0 42 

0 42 

0 42 

0 39 

0 39 

0 38 

7 27 

7 29 

7 28 

7 29 

0 38 

0 40 

0 39 

0 40 

7 29 

7 30 

7 30 

0 40 

0.41 

7 32 

7 33 

7 32 

7 33 

0 41 

0 43 

0 44 

0 43 

7 33 

7 34 

7 36 

7 36 

7 36 

7 38 

7 39 

7 40 

0 44 

0 44 

0 45 

0 47 

0 47 

0 47 

0 49 

0 50 

0 51 



v^ * \ Draper Aden Associates 
2206 S Main SI. 

Blacksburg, VA 24060 

Phone 540-552-0444 

Data observed at: 5W12A 

Distance from PW 0 [ft] 

Depth to Static WL. 6 89 [ft] 

Location HWMU-5 

Pumping Test Data Report 

Project- 5W12A Pump and Recovery Test 

Number 803204-301 

Client: Radford Army Ammunition Plant Page 4 

Pumping Test: 5W12A Pump and Recovery 

Pumping Well. 

Casing radius: 

Boring radius: 

Recorded by-

Date-

DWK 

2/25/2010 

94 

95 

96 

97 

98 

99 

Screen length: 

5W12A 

0 084 [ft] 

0.29 [ft] 

20 [ft] 

Aquifer Thickness 27 5 [ft] 

Time [mm] 

6 64 

7 035 

100 

101 

102 

103 

104 

7 453 

7 896 

8 366 

8 865 

9 391 

9 95 

10 541 

11 168 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

11 831 

12 535 

13 28 

14 07 

14 906 

15 791 

16.73 

17 723 

18 776 

19 891 

21 073 

22 325 

23 65 

25 055 

118 

119 

120 

121 

122 

123 

26 543 

28 118 

29 786 

31 555 

33 428 

124 

35 411 

37 513 

Depth to WL | 

7 44 

7 45 

Drawdown [ft] 

7 46 

7 47 

7 49 

7 50 

0 55 

0 56 

0 57 

0 58 

7 51 

7 53 

7 54 

0 60 

0 61 

7 76 

7 84 

7 87 

7 91 

0 62 

0 64 

0 65 

0 87 

7 94 

7 96 

7 98 

0 95 

0 98 

1 02 

1 05 

8.01 

8 03 

8 10 

8 13 

1 07 

1 09 

1 12 

1 14 

8.15 

8 18 

8 22 

8 24 

1 21 

1 24 

1 26 

1 29 

1 33 

1.35 

8 28 

8 29 

8 30 

8 33 

8 40 

8 43 

8 47 

1 39 

1 40 

1 41 

1 44 

1 51 

1 54 

1 58 



i ^ ^ i W ^ 
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Draper Aden Associates 
2206 S. Main St. 

Blacksburg, VA 24060 

Phone 540-552-0444 

Pumping Test Data Report 

Project- 5W12A Pump and Recovery Test 

Number B03204-301 

Client Radford Army Ammunition Plant Page 5 

Data observed at: 5W12A 

Distance from PW 0 [ft] 

Depth to Static WL 6 89 [ft] 

Location: 

Recorded by 

Date: 

HWMU-5 

125 

126 

127 

128 

129 

130 

DWK 

2/25/2010 

Time [min] 

Pumping Test: 

Pumping Well. 

Casing radius 

Boring radius. 

5W12A Pump and Recovery 

5W12A 

0 0841ft] 

0 29 [ft] 

Screen length: 20 [ft] 

Aquifer Thickness 27 5 [ft] 

Depth to WL [ft] 

39 74 

42.098 

44 596 

— I -
8 51 

8 55 

47 243 

50 046 

9 95 

1014 

Drawdown [ft] 

1 62 

1 66 

3 06 

3 25 

53 015 

10 22 

10 30 

3 33 

3 41 

131 56.16 | 10 37 [ 3 48 
132 59 491 j 10 41 3 52 

I 133 63 02 10 47 3 58 
134 66 758 10 46 3 57 
135 70 718 10 49 3 60 

I 136 70 723 9 16 2 27 
I 137 70 728 9 07 2 18 



jwsraa 
Draper Aden Associates Pumping Test Data Report 

2206 S. Main St 

. . _ J T 

Project 5W12A Pump and Recovery Test 
: '^<j**"y Blacksburg, VA 24060 

Phone 540-552-0444 

Number: 803204-301 
"wv 

Data observed at: 5W12A 

Distance from PW- 0 [ft] 

Client: Radford Army Ammunition Plant Page 6 

Depth to Static WL. 6 89 [ft] 

Location: HWMU-5 

Recorded by DWK 

Pumping Test: 5W12A Pump and Recovery 

Pumping Well 5W12A 

Casing radius: 0.084 [ft] 

- f 
Bonng radius: 

Screen length: 

0.29 [ft] 

20 [ft] 

Date: 2/25/2010 

156 

157 

158 

159 

Time [minj 

70 824 

Aquifer Thickness. 27.5 [ft] 

Depth to WL [ft] 

70 83 

7 71 

7 67 

Drawdown [ft] 

0 82 

160 

161 

162 

163 

164 

70 837 

70 844 

70 851 

70 859 

70 867 

70 876 

7 63 

7 60 

7 56 

7 53 

165 

166 

167 

168 

169 

170 

171 

70 885 

70 895 

70 906 

7 51 

7 49 

7 46 

7 45 

7 44 

70 917 

172 

173 

174 

175 

70 928 

70 941 

70 954 

70 968 

70 983 

70 998 

71 015 

176 

177 

178 

179 

180 

181 

182 

183 

184 

71 033 

7 41 

7 39 

7 38 

7 38 

7 37 

7 36 

71 051 

71.071 

71 092 

71 114 

71 138 

7 36 

71 163 

71 188 

71 214 

7 34 

7 33 

7 33 

7 32 

185 

186 

71 243 

71 273 

71.304 

7 32 

7 31 

7 30 

7 29 

7 30 

7 28 

0 78 

0 74 

0 71 

0 67 

064 

0 62 

0 60 

0 57 

0 56 

0 55 

0.52 

0 50 

0 49 

0 49 

0 48 

0.47 

0 47 

0 45 

0 44 

0 44 

0 43 

0 43 

0 42 

0 41 

0 40 

0 41 

0 39 

7 44 0 54 I 
7 42 0 53 I 
7 42 0 53 



Draper Aden Associates 
««e, 

2206 S Main St 

Pumping Test Data Report 

Project. 5W12A Pump and Recovery Test 

^ 3 B',cksburg.VA 24060 

Phone 540-552-0444 

Data observed at: 5W12A 

I Number 803204-301 

! Client Radford Army Ammunition Plant Page 7 

Distance from PW- 0 [ft] 

Depth to Static WL 6 89 [ft) 

Location: 

Recorded by: 

Pumping Test: 5W12A Pump and Recovery 

Pumping Well" 5W12A 

Casing radius 0 084 [ft] 

Date: 

187 

188 

189 

190 

HWMU-5 

DWK 

2/25/2010 

Time [nun] 

71 339 

I Boring radius. 

I Screen length. 

0 29 [ft] 

20 [ft] 

71 376 

71 414 

191 

192 

193 

194 

195 

71 456 

71 499 

j Aquifer Thickness. 27 5 [ft] 

Depth to WL [ft] ! Drawdown [ft] 

7 29 0 40 

7 27 0 38 

7 26 0 37 

7 27 0 38 

7 25 0 36 

71 546 

71 594 

71 646 

7 25 0 36 

7 25 0 36 

7 25 0 36 

7 24 0 35 



a * ' ' % 
^ v i ^ P * * " * ^ 

- ^ g Z ^ ^ y * ^ 
" %gHQW-*^ 

Draper Aden Associates 
2206 S. Main St. 

Blacksburg, VA 24060 

Phone 540-552-0444 

Pumping Test Data Report 

; Project- 5W12A Pump and Recovery Test 

i Number- 803204-301 
! Client- Radford Army Ammunition Plant Page 8 

Data observed at: 5W12A 

Distance from PW 0 [ft] 
Pumping Test: 

Pumping Well' 

Depth to Static WL 6 89 [ft] I Casing radius: 

Location 

Recorded by 

Date: 

218 

HWMU-5 

DWK 

, Boring radius 

I Screen length. 

5W12A Pump and Recovery 

5W12A 

0 084 [ft] 

0 29|[ft] 

20 [ft] 

219 

220 

221 

222 

2/25/2010 ! Aquifer Thickness 27 5 [ft] 

Time [mm] Depth to WL [ft] Drawdown 

74 443 7 13 0 24 

74 664 7 12 0 23 
74 899 

" 
7 11 0 22 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

75148 

75 411 

7 09 

7 08 

75 691 

75 988 

76 301 

7 08 

7 07 

7 07 

76 633 

76.984 

77 358 

77 753 

7 06 

7 05 

7 03 

7 03 

78 171 

78 614 

79.084 

79.583 

80 109 

80 668 

7 03 

7 03 

7 00 

6 98 

6 98 

81 259 

6 96 

6 95 

81 886 6 89 

82 549 

83 253 

83.998 

84 788 

85 624 

86.509 

87.448 

88.441 

89 494 

90 609 

91 791 

6 85 

6 84 

6 86 

6 88 

6 88 

6 86 

6 82 

6 81 

6 81 

6 85 

684 

0 20 

0 19 

0 19 

0 18 

0 18 

017 

0 16 

0 14 

0 14 

0 14 

0 14 

0 11 

0 09 

0 09 

0 07 

0 06 

0 00 

-0 04 

•0 05 

-0 03 

-0 01 

-0 01 

-0 03 

-0 07 

-0 08 

-0 08 

-0 04 

-0 05 



Phone540.552.0444 Client: Radford Army Ammunition Plant j Page 9 

Data observed at: 5VV12A Pumping Test: 5W12A Pump and Recovery 
Distance from PW: 0[ft] Pumping Well 5W12A 

Depth to Static WL- 6 89 [ft] Casing radius 0.084 [ft] 

Location- HWMU-5 Boring radius. 0 29 [ft] 

Recorded by DWK Screen length: 20 [ft] 

Draper Aden Associates 
2206 S Main St. 

Blacksburg, VA 24060 

Pumping Test Data Report 

Project. 5W12A Pump and Recovery Test 

Number 603204-301 

2/25/2010 Aquifer Thickness. 27 5 [ft] 

Time [mm] Depth to WL (ft) 

249 93 043 6 88 

250 

251 

252 

253 

254 

255 

256 

257 

94 368 

95 773 

97 261 

98 836 

100 504 

102 273 

104 146 

6 89 

6 88 

6 85 

6 84 

6 87 

6 87 

258 

259 

260 

261 

262 

263 

106 129 

108 231 

112816 

115314 

6 86 

6 90 

—I 
I 

6 88 

6 85 

117 961 

120 764 

123 733 

684 

6 85 

264 

265 

266 

267 

268 

269 

126 878 

130 209 

133 738 

137 476 

141 436 

270 

271 

272 

273 

274 

275 

145 436 

149 436 

153 436 

6 84 

6 83 

6 85 

6 85 

6.86 

6 85 

6 85 

6 86 

157 436 

276 

277 

278 

279 

161 436 

165 436 

169436 

173 436 

6 86 

6 85 

6 85 

6 87 

6 86 

6 86 

177 436 

181 436 

185 436 

6 86 

6 86 

6 86 

6 86 

Drawdown | 

-0 01 

0 00 

-0 01 

-0 04 

-0 05 

-0 02 

-0 02 

-0 03 

0 01 

-0 01 

-0 04 

-0 05 

-0 04 

-0 05 

-0 06 

-0 04 

-0 04 

-0 03 

-0 04 

-0 04 

-0 03 

-0 03 

-0 04 

-0 04 

-0 02 

-0 03 

-0 03 

-0 03 

0 03 

-0 03 

-0 03 



Draper Aden Associates 
2206 S Main St 

Pumping Test Data Report 

Blacksburg, VA 24060 

Phone 540-552-0444 

Project. 5W12APump and Recovery Tes7 

Number. 803204-301 ~ 

Client Radford Army Ammunition Plant | Page 10 

Data observed at- 5W12A 

Distance from PW. 0 [ft) 

Depth to Static WL. 6 89 [ft] 

Location-

Recorded by-

Date: 

HWMU-5 

DWK 

2725/2010 

Time [min) 

Pumping Test: 5W12A Pump and Recovery 

Pumping Well: 

Casing radius: 

Boring radius. 

Screen length. 

5W12A 

0 084 [ft] 

0 29 [ft] 

20 [ft] 

Aquifer Thickness 

Depth to WL [ft] 

27 5 [ft] 

280 189 436 6 86 

281 

282 

193 436 6 87 281 

282 197 436 6 86 

283 

284 

201.436 6 87 283 

284 205 436 6 88 

285 

286 

209 436 | 6 87 285 

286 213 436 6 87 
-287 217 436 6 87 
-

288 221 436 
_.. 

6 89 ! 

-

Drawdown j 

-0 03 

-0 02 

-0 03 

-0 02 

-0 01 

-0 02 

-0 02 

-0 02 

0 00 



Ground W . k r M o n i t o n n g ^ , , C o n a t i o n 
Details 

Well I o. 

5W88" 
5W5B 
5W78 

Ground 
Elevation North ung 

SVVC21 
5WC22 
SWC23 
S5W5 

7 7-87,58 3.597030 
1773.131 T ^ 7 j ^ f ~ ~ 

mmam 

. Bonng . 
Easting | Termination j T o p o f w e l ) 

Screen 

S5W7 
5W9A 

imEG3Eignfs% 
vaa.ao 3 ^ 7 ^ T l n 
1769 m 3 go? M A 

.410 

1701 TO 3 . W 7 « < B -

T,»J?^ f ^^dgLIgABsF 
t 754.701 3 s q z l T ^ -

Comments: 1) 
2) 
3) 
4) 
5) 
6) 

TgT 
~45) 

= # = s : 

_4 581 
4 88| 

JM 
~23l 

Total Well 
Depth 

29.43% 

_£5J 
"Zaf 

Screen 1 
Length 1 Comments 

15 [ 1 4,6 ~ 
_ isT 4,6 

1 5 f .. 4.6 
1 5{~ 4.5 

. J S f 4,5 
15| ^ _ 4,5 

1 15)~ _ 4,6 
~ 1S| " . 4,6 
__20 aTs ] 
... 20 _ 3.5 j 
__2o| 3,5 



# 
Post-close Permit; Radford AAP, Unit 5 
Attachment P: Well Construction & Bonne Lots EPA ID No.:\'AD'12J0020730 

07/02/01 

# 

Attachment P 

BORING LOGS AND WELL CONSTRUCTION DIAGRAMS 

Appendix 1. 
Appendix 2. 
Appendix 3. 
Appendix 4. 
Appendix 5. 
Appendix 6. 
Appendix 7. 
Appendix 8. 
Appendix 9. 
Appendix 10. 
Appendix 11. 
Appendix 12. 
Appendix 13. 

General Construction and Information 
Well 5W8B (Background) 
Well 5W5B (Point of Compliance) 
Well 5W7B (Point of Compliance) 
Well 5WC21 (Point of Compliance) 
Well 5WC22 (Point of Compliance) 
Well 5WC23 (Point of Compliance) 
Well S5W5 (Compliance Well) 
Well S5W7 (Compliance Well) 
Well 5W9A (Compliance Well) 
Well 5W10A (Compliance Well) 
Well 5W11A (Compliance Well) 
Other Wells 

# 



# j ^ ^ S K l g i g i M m m . M o n = 

Appendix 2. 

Well 5W8B (Background) 

# 

# 



# 

l . 'el l f i b b e r g-g-B 

Be&Converse -Murdoch- lnc . j j E Q V l ) 

Ori77ingLog U - ^ f 

Preject Ho. nn.nnns.m 

Casing Material "and SizeV r n % ' r " t / ^ w T * * °" I 7 8 M 5 > TTotil "i/ell "oipS i ? T 
Grouting Type s a n d , 0 f r a n ^ V C ' h r " H a H "'n T".= Cased Interval ( s ) n ^ T T T , . , . 
Screenim Hatsnal »H c „ -— —- Hm,,,.^ • ' 1 —<: 

' ' — ; G I I U ' . ° T ° n r 

" w ^ Depth to Static Water JJU^ 
Development Method a 7 > 
Logged by -

Comments 

D a t s 

P o * 3 l > ssgm 
Approx Well yield" " 
Development Time 3 hoUr? 

<D ?^ nnm-



Post-close Permit; Radford AAP, Unit 5 
Attachment P- Well Construction & Boring l^^s EPA ID NO.. VAD1210020730 

- 07/02/01 

Appendix 3. 

Well 5W5B (Point of Compliance) 



Well f.'urcner U-5B 

Setr-Converse-Murdoch-lnc. 

Dr i l l ing Log 
BOVl] t(MiT- 5 

U - S B 

Project No. CO-O.OQS-m 
Client Corps of Engineers. RAAP. R,HfnrM VA 
r/ell Location East of HWM 5 Laooon ' - r - - - . 

S S l ^ ^ S S f ^ S J p a a ^ 

mmsmsm 
Development Method Air 
Logged by: D. J. varnar - " — — 

Coraents . 
1 \ n ^ . ' n 

Approx Well Yield <** ] 0 5rn" 
Development r ice 4 hours 

nbrMnoH from Q&zp_ 

SKETCH HAP, | j I 1 r 

hvdrznt? 
7^ Roobra^ wal] '^-tj 
1 ^ p a r t r n n i r a na Mat - ;ea 1 

inf .arv?! 
r i o n f h f n WAf -a r t a K ] 

n a a g p r a / H f r o m f-^ia 

.Of f h a g f a a l r a c f f n f t 



# 
^ , D N . , V A D 1 2 1 = 

# 

Appendix 4. 

Well 5W7B (Point of Compliance) 

# 



Betz-Converse-Murdoch-lncj © Q V | ] U ^ i T J 

l o -> .B 
,'ell Hunfoer W-7B 

Dr i l l i ng Log 

Project Mo. 00-0008-01 Client Corps of Engineers, RAAP, Radford. VA 
Well Location North or HWM5 Laaooh 

H P " * 
Logaed bv; 

0. Varna-

, 0-6' , 
Screened Interval (1) 10-?Qr '" 
Packed Interval 8-20T~= 

Approx Well rfelcT 
Development 7ice 

< 1 ccm 
4 hours 

Comments 
1) Dri l l ing water obtained 

from RAAP' hydrants 
1) Replaces we I 

i 
Tp 

3) Bentomte celle seal 
trie 6-8' annular inter
val 

•) Depth to water table 
measured from the too 
of the steel casino 

) Core size: _HW 

"np n f cf-aal rac inm 

SKETCH MAP 

5 ^ 
I I i i 

f 
I I I 

30 
i i M 

i i i i 
i i i i i i i 

44-
i n t > i 

1 ' i. 
i i i 

i i 

T T 
i i i 

i i i i i i i 

I E 
I ' Q 

i-1 

i i 
i i 

i i i 
i i i 
i i i 

W E L L DETA lLH%g ">'171.. 
.XI I 

I I I 
I I 

I I I 
I I I 
I I I 

i i r 

i i i 

1 t 1 t 1 I f 
1 1 1 1 1 1 1 

i i > f . " O T i « r ? * i i 

K l - i-*?^^-
y i / i / w \ ) } 

i i i i i 11 

j i i • i i t i i i 
uxi /y / s.\ S i i 
III r z i ' rn .P\Ji. , 1 

C f - r ^ t f j i r f f v 
r~r?o\»T\-rJ 

u ' » rU± 
J 1 C A C / ^ . ' ! 
Sl 1 1 1 1 1 1 j 1 
±. W'CW-TfjAJ ITS 

1 1 1 1 1 
M i l t 

. . M i l l 
< l L . t r A 1 m 

' 1 1 I C : ^ T A ' / _ . 

! 1 1 1 1 1 1 ! 1 

? ' J J J j ' V, 
4 # j - r 

—L-4-"T • ' ^ " ' - " 
- H * 1 1 S L O T * O V / 
. 1—t-1 1 1 1 O A .=r= ^ 

i r i i i 
I I I i 

2 ( 1 1 1 1 1 , 

. . ' M l 
3 l 1 1 1 ' 1 : 

- i - i i i i , i . 

• M l . ( 1 ftA-rjvJvl f t A r ' ' ••" 
1 1 ' 1 ' ' ' ' 1 M i V l I 1 . 

Oranoe-red and tan brecciated decnmT^w chaia , 
ciav matrix, and some l igni te . 
End of ho la 



U J - ^ B 

Vail Manner W-78 

BetfConverse-Murdoch-lnc. 

Crf11fng Log 

BCMl 

Client Coros of Engineers, RAAP, Radford, VA 
'"'eM Location Nortn of HWM5 Lagoon ' Project Ho. 00-0003-01 

E l g ^ r ^ g g T O C T ^ 

mmmmmmm Development Method 
Logged by: n. , i yarnar 

Connents 

Oevelopcent Time i ncurs' 

T) Dri l l ing water obtained 
from RAAP nydrants 

2) Replaces well W-7 

SKETCH MAP 

3) Bentonite pellet sg lTfn i.T i I , , I I , I I 
tne 6-8'annular inrrr „ ! ?• ,' ? ! 

4) Depth to water table 
measured from the top 
of the steel casino 



Post-close Permit; Radford AAP, Unit 5 
Attachment P: Well Construction & Bonne Lot EPA ID No.:VAD1210020730 

07/02/01 

Appendix 5. 

Well 5WC21 (Point of Compliance) 



BORING LOG 

a.pyt so t n . n c x j 

.HWMU.S\5Hocz •I 

- • w . ^ - w . ^ . g s s s s 
$C4l« 1 * • S » r v r i i - w 



^ ^ M ^ ^ 

^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ 
^ ^ ^ ^ ^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ i ^ ^ ^ ^ 
^ 

^ ^ ^ ^ o ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ 

^ ^ ^ 4 ^ 5 B ^ 8 B ^ 

^ 

^ ^ ^ ^ ^ ^ ^ 
WELL No. 

5-WC2-1 

^ ^ ^ ^ WELL No. 

5-WC2-1 ^ ^ ^ ^ B 8 7 

WELL No. 

5-WC2-1 

^ ^ ^ ^ ^ ^ O ^ O ^ n ^ 
^ ^ ^ ^ . ^ ^ ^ 

^ ^ ^ ^ M ^ ^ 

C a : , n g S H c k u p ( n . ) = _ _ j ^ 

- ,—• Elev. « 

^ ' ^ ^ c k u p m . ) . 2 l n % 
Elcv. = 

Ground Elcv.= 

' I 
: I 

' j 
| 

j ' D c p t n to Ucntonltc (ft.)= l 4 fl f f 

| ^ E ) c v - U 1 8 i L _ _ 

1 ' ° C p t h 1 0 ^ n d P l l t c r (n . )=TZTZ 
Elev. _ 

l© 1 Scrc^J ~~~ • 

° * P * «o Well no„om(f,.)= 2 9 > 3 f , 

(-lev. _ ~ ~ 
•~ Depth of | |o | e ( f ( , 

- — _Ek*J_ r ^ " ^ 



# ^ " / ^ s ^ ^ L , , . . . m"p*"wcmsa2? 

Appendix 6. 

Well 5WC22 (Point of Compliance) 



# BORING LOG h){JMUS\5-loC2.-L 

..e*re M J U loqT 

# 

^ ' ' ^ ^ ^ ^ 



D ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ a ^ 

^ ^ 1 ^ ^ 

^ ^ ^ ^ a 4 ^ ^ ^ 0 ^ ^ 

_, _______ 
J M i e j x S i m m T ^ " 1 

VBLL No. 
—-^i i l l i l iOXlS 

- I f l l P S C t o r ; S m , , ; , VBLL No. 

' - e a i £ J i i a a i i c d i _ j / ^ , 

Sand n u m 
5-WC2-2 

fai^^mo>zmzm^ 
& * £ ^ 2 U L S l i S i l _ t ^ 

D ^ ^ ^ ^ ^ ^ ^ 

— ^ ^ a B ^ ^ ^ 
^ ^ ^ ^ ^ ^ 

^ ^ ^ 

G ^ n d ^ v ^ 

^ 1 ^ , ^ 

^ ^ o ^ ^ ^ ^ ^ 

^ — ^ 

I 

^ ^ ^ ^ ^ 



Post-close Permit; Radford AAP, Unit 5 
Attachment P: Well Construction <& Borint Loss 

EPA ID No.:VAD1210020730 
07/02/01 

# 

Appendix 7. 

Well 5WC23 (Point of Compliance) 



BORING LOG WMLL5\S-WC2.-3 
FROEHUNG & ROBERTSON INC 
^ ^ ^ % ^ « " ^ w c . 

« ' * o . i m j io t a u j , e ntmmtm '—" • J I 

—-«...,„,-sEn^^szxzszzzxx Sfi<t« t " t j y m « f | m < f 



^ ^ ^ ^ ^ 

— ^ — — 

— 
^ ^ ^ ^ ^ ^ ^ ^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ ^ ^ ^ o n ^ ^ ^ v 

^ ^ ^ ^ ^ ^ ^ ^ ^ 
^ 
^ 

c ^ ^ ^ ^ ^ ^ ^ ^ 

^ ^ 



# 
Post-close Permit; RadfordAAP, Unit 5 
Attachment P: Well Construrrt™ 4 Bonn* E P A 1 D A D I 2 1 ^ ™ 

Appendix 8. 

Well S5W5 (Compliance Well) 

# 



f S L J S 

/»U)-5 
^ , . u« , , . ENVIRONMENTAL HYGIENE AGENCY 

— - aswsss 
PROJECT ? J J J I a i-2 a~a25i-8i 

DATE 5 A p r i l 91 

LOCATION j , —a ,.ich,=., 
co building SZ 1612 — = 

' 5 . C-ai8, Caeea (logger) 

DRILL RIG A c k e r w/ < lo cooeiauom 

fllghc auger 
BORE HOLE KV 5 

J;r?i:% — 

Perched lease of water 
10 fc of 
Concrete 
grouc 

13 f t of 
schedule 40, 
2 in ID PVC 
casing 

Yellowish brova s i l t y clay w/ 
sotae mica flakes 

same material Beacoalce 

sand pack 

!JSA£HA Fora 95, 12 Aug 74 

screen 



Aray 
Arjaan 

-

PROJECT RAAP 81-26-8251-81 

LOCATION 
co building S.R.1612 

Sice 5, north of lagoon next 

DRILL RIG A c k e r 1 1 ' v f 4 In continuous 

f l i g h t auger 

DATE 5 APril 31 

DRILLERS S B i ^ a z i , Koddiaott 

Craig, Gates (logger) 

BORE HOLE M5 5 

SAMPLE 
TYPE 

"BLOWS ' -
CcPTH PER 5 IH DESCRIPTION SEHA3KS 

H3 
10-20 

20 fc 
k™ c . e; r 2 0 f c y e i i o w " j * d -
ixua sand - saturated 

change la engine plcca 
Zlbrook FX 

25 fc 

ID 25 feec 

10 fc of 
slocced 2 ia 
ID, schedule 
40, pvc 
screen 

Co.ocs-o.oi"; 

j2 fc of Crap 

Depth of 
well 25 f t 

[ 30 f t | 

0SAEHA Fora 95, 12 Aug 74 



ĵjĵ  : Z t ^ n R ^ : ^ . t L 1 M , o » . M o n = 

Appendix 9. 

WeU S5W7 (Compliance Well) 

# . 

# 



^ ^ L ^ 

^ ^ ^ ^ ^ ^ 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

PROJECT 
LOCATION 

RAAP 81-26-8231-81 

Sice 3, v isz of lagooa 
DATE 5 A o r l l 81 

next to bu i ld ing s.R. 1603 
DRILLERS S a i z h s 0 * , Eoddinoct 

D R I L L RIG ***** v / 4 i s coatlnuous 

f l i g h t Auger 

Craig, Gates (logger) 

BORE HOLE HW 7 

TD-26 fc 

DEPTH 

SAMPLE 
TYPE 
SLOWS 
PER 6 IK DESCRIPTION 

Reddish browa alley clay damp-
Bed plastic 

MB 5-10 | same material getting damper and 
=»re plastic 

10 f t 

15 f t 

saturated alley medium coarse sand" 

^ " r ^ r ^ ^ =̂ -
CSAE3A Form 95, 12 Aug 74 

water level 
indLtial-14' 10" 
24 hr -10*10" 

REMARKS 

Concrete 

BeaconIce 

24.5 fc of 
sand pack 

12 fc of 
schedule 40, 
2 ia IB PVC 
casing 

10 fc of 
lotted 2 in 

ID schedule 

'*0 PVC screen 



DRILLING LOG 
d A ray 

PROJECT RAAP »t~26-3251-81 

LOCATION S l c e s > weie of lagoon ae*t 

£0 building S.R. 160] 

5 Apr i l 31 

DRILL RIG A c k e r r 2 > tf/ 4 c o « i a w 

f l i g h t Auger 

DATE • - . 
DRILLERS S m i c h s o n - Eoddlnocc 

Craig, Gates ( l Q g g g r l 

BORE HOLE HW 7 

SAMPLE 
TYPE 

faLowS " 
jDEPTH PER 6 IX DESCRIPTION 

REMARKS j 

30 fc 

GSAOA Form 95, 12 Aug 74 



Post-close Permit; Radford AAP, Unit 5 
Attachment P: Well Construction & Boring Loes EPA ID No.:VAD1210020730 

07/02/01 

Appendix 10. 

Well 5W9A (Compliance Well) 



10RING LOG 

a«oot NO S0M-6208S 

tm Hercules, Inc. 

W4A 
HlJKUrS 

FROEHLING & ROBERTSON, INC. 
' 1 " ' " 
0*t nunOPCO 'tl«S Cf se*v<c£-

OATE Noveaber, 1335 

»>o,«a Honj^aClnq W«ll5 Radford Army Ammunition Plant HidfonS, Y f r g i n u 
Boring NO ( " ' 1 ' * / {Tauifam 49.0' c i v i l i a n 

?ro* *' Ban*? Ho Mgw stern juger Su««j J1-6-85 
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DATE November. 1535 

' 'o,«« Honf tor fng Wells 

8e>.«a so tf-9-A cone. r«m 0.0m 49 .0 ' 

Radford A m y A.mun< t i on P lan t Radford, V i r g i n i a 

E d i t i o n 
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LIMESTONE and DOLOMITE 

» l * 

44.0 

Coring terminated 9 49.0' 

• Zo' TEFkOv Scrubs 
. /o * PVC. 
. A O r V 7 ^ f t 

. P i / o n d L V c^uro^O 

20: 

ROO t 

30' 

49.0 
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TORING LOG-

a.aot Na R0H-620S5 

- C I 

LJIOR 

FROEHLING & ROBERTSON, INC. 

'ai.t ̂ ~o«v0̂ ;«o f̂;;̂ :'',"w,r-'*»* -
OArg Xovenber. T5SS 

CCSCAI»T,@W Q0 HATtmtALS 
i C K A M k U f l M , 

8 r o w " n n e " " d y STLT; roots, organic: 
I ' W I 

% G»» 

Loose to meaWdense red brown fine sandy 
w U h occasional cobble layers (ML) 

-ALLUVIUM-
'io 

IO 

4.5 

6.0 

ROD : M M A * « J 

GaowowATea, DATA 

8.5 

10.0 

12. 

U.O 

Htd tw-Kl f f gray-brovn s n t y C U Y t 8 e , 
SILT, shale fragments, rel ict structure 

-RESIDUUM-

n.s 

75.0 

T8.S 

20.0 

J Water level 9 14.3' 

Gray green breceiated LIMESTONE and 
DOLOMITE, numerous calcfte-healed fractures 

Development Data: 
Sloshed far 2 hrs. 
Sailed down for 1/2 hr. 
Ho change fn water level. 
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40.0 • 

28.S 28.5 

30.0 

K 
35.-0 

2o: 
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Well 5W11A (Compliance Well) 
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I . • . . I . . . . . . . V , <t.|| . . " * . . „ 
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QiTE November. ]gg; 
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-ALLUVrUM-

'11 
I I 

17.0-
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CUT. seme i f i t (CL) r e l i c t structure 

-REsrotaw-

hs.o 
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20.0 

Water level a H . g ' 

Development Data: 
Sloshed 2 hours. 
Sailed down to 19.0' . 
Recovered to 14.a' a f ter l .s hrs. 

28.0-

%:rj%r%',:zr'" 
-«ULf 8RECCM-
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! 28.0 

7Zi 30 
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5 5 u ] L p 

M U - C ? 
Ar:=>- Pollucion Abacaoenc Prog-am Studv T 
A ^ n i c i o n P ^ . r d , 3 . , A p ^ / ^ ^ ^ ^ ^ l t ' ^ 

L'S ARMY ENVIRONMENTAL HYGIENE AGENCY 

DRILLING LOG 

PROJECT SAA? 81-26-8251-81 

DATE 
LOCATION i l ^ L ^ l ^ , 

5 A p r i l 81 

. nexc co bui ld ing S.R. 16Q2 
Sni:hson, Hcddinocc 

DRILL RIG Acker I I v / 4 l a coaciauou, 

Cra ig , Gates ( logger) 

ti 'ignc auger BORE HOLE 
MW^lU 

SAMPLE 
TYPE 

,3L0i53 
DEPTH PER 6 IH 

TD- 25.5 f t 

DESCRIPTION 

Water level 
i n i t i a l 9.5 fc 
24 hr. 9' 7" 

REMARKS 

s i l c y c lay , damp p l a s t i c I 7 f t o f 

Jcrece grout 

13.5 f t of 
schedule 40, 
2 i n ID PVC 
casing 

^ • ^ A i l Z ^ - 1 ^ , 
14.5 f t of 1 
Besconice 
(may have a 
void above 

15 f t 

' so f t e r d r i l l i n g , s 

1 getter vecter 
ame oaee r i a l , 

sand nest to 
water Cable) 

saturated 

11.5 f t of 
sand pack 

HSE-ES Form 78, 1 J u n 8 0 

« * ' . « « -SAEKA F o r t , „ . I l t o , M . . ^ , , , , , , ^ 

screen 



^ ^ ^ D ^ 
^ D ^ ^ ^ ^ 

5 A p r i l 31 PROJECT ? J U ? 8 1~2 6~8 2^-3i 

LOCATION i i i f j ^ ^ ^ npin pp; s^hs0Ti, H o < M l M e e 

i i ag S.S. 1602 „ 

DATE 

nexc co bu i ld ing S.R. 1602 

D R I L L RIG A c k e r " > W ' l a eondauoua 

Craig, Cace» ( logger) 

f l i g h t Auger 
BORE HOLE HU 6 

SAMPLE 
TYPE 

OfPTH 
"SL6W5 ~ 

PES S IK DESCRIPTION 
REMARKS 

25 f t 

Seddish brown s i l c y coarse to 
mediua sand, saturated (water i s 
f lowing) 

10 f t o f 
s l o t t ed 

schedule 40, 
Sand pack ] 2 i s 10 PVC 

screen 
(0.008-0.010' 

Weathered Elbrook FK (red gray 
"ay residuua over dolomite) 

25.5 fc ID 

2 f t of sedi
ment Crap 

Bottom of 
vei l 25.5 fc 

30 f c 

tJSAEHA For* 95, 12 Aug 74 
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PROJECT 
3AA? 31-26-3251-31 

DATE 5 A p r i l 81 
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of lagoon 
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DRILL RIG Acker I I , y/ 4 l a r n n r < r , „ „ , „ ^ ^ ^ g 

T D - 3 4 f c 

DEPTH 

SAMPLE 
TYPE 
SLOWS 
PER G IK DESCRIPTION 

gravel f i l l f o r road 

water l e v e l 
i n i c i a i - 2 4 f t 
24 h r . - 1 4 ' H " 

REMARKS 

Reddish brown sandy clay with sonej 8 o £ 

ssall gravels J concrete 
• grout 

29 fc of 
schedule 40, 
2 in ID PVC 
casing 

5 fc 

saae c a t e r i a l , v e t , aed plascic 

10 f t 

15 f c 

saae aace r i a l , g e t t i n g wetter 
5 s t i c k y 

of Ben-
coalce 

sand pack 

HSE-ES Form 78, 1 J u n 8 0 
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DRILLING LOG 
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f l i g h t Auger 
BORE HOLE •W 8 

DEPTH 
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TYPE 
BLOWS 
PER 6 IH| 

K3 15-
20 

20 f 

J 

DESCRIPTION 
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25. f t 
saae material 

30 f t 

REMARKS 

21 f t of 
sandpack 

PVC casing 

HSE-ES Form 78, 1 J u n 8 0 
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same material 
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40 
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Bgs below Ground Surface 
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CSM Conceptual Site Model 
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Corrective Action Plan 
Hazardous Waste 
Management Unit 5 

Radford Army Ammunition 
Plant, Virginia 

1. Introduction 

This Corrective Action Plan (CAP) for RAAP-042, Hazardous Waste Management Unit 
5 (Unit 5), has been completed in support of the Hazardous Waste Management Post 
Closure Care Permit for the Radford Army Ammunition Plant (RFAAP), located in 
Radford, Virginia This CAP addresses concentrations of trichloroethene (TCE) 

detected in shallow overburden groundwater adjacent to Unit 5 

11 Setting 

RFAAP is located along the New River, at the Montgomery-Dublin County line near 
Radford, Virginia The location is shown on Figure 1 The Main Manufacturing Area 
(MMA) is composed of two sections, 1) The Horseshoe Area, contained within a loop 
of the New River and 2) the South Bank Area (SBA) Unit 5 is located in the SBA The 
Unit, Compliance Monitoring Wells and Piezometers are shown on Figure 2 

1.2 Objective 

This CAP presents data to support monitored natural attenuation (MNA) as a protective 
and technically appropriate remedial approach to address a small dilute TCE plume 
that has been delineated in Unit 5 groundwater The CAP also summarizes a two-
phase subsurface investigation conducted in the. vicinity of Unit 5 in 2008 The history 
of Unit 5 is discussed within the Resource Conservation and Recovery Act (RCRA) 
Hazardous Waste Management Post Closure Care Permit (the Permit), to which this 
document is included as Attachment 2, Appendix I The data and analysis provided m 
this document provide supporting detail for information already presented in the Permit 

2. Background 

2.1 History 

Unit 5 is a former lined acid neutralization surface impoundment located in an open 
area of the SBA immediately downhill from an area of manufacturing facilities The 
Unit was operated as an unlined impoundment from 1970 to 1981, when it was 
retrofitted with a Hypalon™ liner The unit was taken out of operation in 1986 and was 
closed in 1989 Closure included stabilization of the waste material and capping with 
an impervious PVC liner 

1 



TCE has been historically detected at concentrations greater than the Groundwater 
Protection Standard (GPS) at four network monitoring wells located within 150 ft 
downgradient of Unit 5 5WC21, 5WC22, 5WC23 and 5W5B Detections of TCE have 
occurred consistently in the wells since 1996, however, the concentration in only one 
well (5W5B) was greater than the GPS in the most recent round of sampling (8 9 

micrograms per Liter [ug/L] in December 2007) 

2.2 Previous Investigations 

Two previous subsurface investigations were conducted at Unit 5 in October 2002 
(Alhant Ammunition and Powder Co , 2003) and February 2004 (Draper Aden, 2007) 
These investigations included soil and groundwater sampling beneath and in the 
vicinity of Unit 5 Results were generally consistent with the findings of the current 
investigation Results of the previous investigations are provided, as appropriate, in 
this document 

2.3 Conceptual Site Model 

The Conceptual Site Model (CSM) developed for Unit 5 and presented herein is based 
on stratrographic data gathered during the two previous investigations and the recent 
investigation conducted to characterize the contents of Unit 5 and to evaluate possible 
sources of the TCE in groundwater The TCE data were used in conjunction with 
other installation wide data to compile the CSM as it is presented in the permit The 
vicinity of Unit 5 is underlain by unconsolidated materials that range in depth from 40 to 
50 feet below ground surface (bgs) The geologic setting is illustrated conceptually in 
Figure 3 These materials consist of alluvial terrace deposits and overlying residuum 
The alluvial terrace deposits consist predominantly of clay and silt, with sporadic basal 
deposits of river jack (rounded cobbles embedded in a fine-grained matrix) The 
residuum consists of the insoluble weathering products of the underlying dolomite, 
predominantly interbedded fine sand, silt and clay Beneath the unconsolidated 
matenals lies competent dolomite of the Elbrook Formation 

A profile of Unit 5 is shown on Cross Section A-A' (Figure 4) The Hypalon™ 
underliner at the bottom of the former impoundment is estimated to be at or near the 
predevelopment grade The total thickness of the Unit, including the PVC liner and clay 
cap is approximately 10 feet 
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Groundwater flow in the unconsolidated materials is from southwest to northeast, 
ultimately discharging to the New River approximately 3,000 feet downgradient The 
overburden groundwater system forms a discrete aquifer, and is inferred not to be 
significantly influenced by the bedrock aquifer Concentrations decline with depth and 
as such there is no evidence suggesting that TCE has migrated into bedrock 

Quarterly monitoring data from 1996 to 2007 (Appendix A, Table A-1) consistently 
show that groundwater upgradient of Unit 5 does not contain detectable concentrations 
of TCE or its daughter products However, TCE, but not its daughter products, has 
been detected in shallow groundwater downgradient of Unit 5 at concentrations up to 
26 ug/L, the historical maximum concentration (observed in 2003 at well 5WC21) 

In the more than 12 years of quarterly groundwater monitoring, repeated TCE 
concentrations greater than the 5 ug/L GPS are limited to four wells 5W5B, 
approximately 80 ft downgradient of Unit 5, and 5WC21, 5WC22 and 5WC23, a well 
cluster located approximately 140 feet downgradient of Unit 5 Concentration trends 
show that an irregular pulse of TCE moved past well 5W5B between 1998 and 2001 
The pulse appeared at well 5WC21 approximately 4 years later (from 2001 to 2005) 

An average solute transport velocity of approximately 15 feet per year was estimated 
by evaluating the elapsed time between breakthrough peaks observed at wells 5W5B 
and 5WC21 The timing of the origin of the pulse coincides with closure of the Unit in 
1989 (based on an ongin in the southeast interior of the Unit) The pulse arrivals reflect 
a travel time of approximately 10 years to 5W5B and 15 years to the 5WC21 

TCE concentrations documented in groundwater during the 2007 fieldwork reported 
herein at the four monitoring wells immediately downgradient of Unit 5 are between 2 5 
ug/L to 8 9 ug/L (Figure 6) Based on these data, the current area of TCE levels 
greater than the 5 ug/L GPS is approximately 160 feet long and 40 feet wide 

3. Scope of Recent Investigations 

ARCADIS completed a thorough subsurface investigation in two phases the first 
completed May 5 through 10, 2008 and the second June 18 through July 1, 2008 As 
described in Work Plan Addendum 25 (dated May 2008), the investigation was 
modeled on the United States Environmental Protection Agency's (USEPA's) 
interactive tnad approach (USEPA, 2004), and therefore utilized adaptive field 

3 
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techniques each building upon the others to comprehensively define site conditions for 
the investigated area In keeping with the Triad approach, the scope of work for 
Phase 2 was finalized following completion of Phase 1, with regulatory concurrence 
provided by the appropriate VADEQ and USEPA personnel (Decision Point 1 Meeting 
June 17, 2008) The scope of both phases of investigations are described in the 

following sections 

3.1 Phase 1 - Direct Push Soil and Groundwater Sampling 

Direct push soil borings were completed at seven locations east of Unit 5 Four 
locations, 5DitchGP01 through 5DitchGP04, were completed as a transect along the 
axis of a northwest trending ditch running from the vicinity of Building 1549 towards 
Unit 5, with borings spaced approximately 80 feet apart An additional three borings 
were completed east of Unit 5 borings 5GP-12A, 5GP-25, and 5GP-26 Boring 
locations are shown on Figure 5 At each location, the following activities were 
performed 

• Continuous soil samples were collected and logged by a geologist Sample/boring 
logs are provided in Appendix A 

° Groundwater samples were collected from just beneath the water table, and 
analyzed for volatile organic compounds (VOCs) 

• Soil samples were collected at each boring and held pending groundwater 
analytical results Five of seven soil samples were analyzed for VOCs to confirm 
VOC results in groundwater samples 

Table 1 summanzes the depth and sample intervals of the borings completed near Unit 
5 during Phase I 

3.2 Phase 2 -? Vertical Aquifer Profiling 

The second phase of field investigations consisted of additional direct-push soil and 
groundwater sampling Where possible, borings were advanced to the top of rock (15 
to 45 ft bgs), and multiple groundwater samples were collected across the saturated 
overburden to vertically profile groundwater quality This second phase included three 
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borings advanced directly adjacent to Unit 5 (5GP27, 5GP28 and 5GP34) and five 
borings completed on a transect in the road immediately south of Unit 5 (borings 
5GP29 through 5GP33) Boring locations are shown on Figure 6 

The following activities were performed at each location 

• Continuous soil samples were collected and logged by a geologist Sample/boring 
logs are provided in Appendix A 

• Groundwater samples were collected from just beneath the water table and, where 
feasible, approximately every 10 feet vertically to refusal At three of the eight 
locations, only one vertical interval was sampled due to shallow refusal Samples 
were analyzed for VOCs 

At a subset of boring locations (5), the shallowest groundwater sample intervals were 
collected by setting temporary 1-inch PVC monitoring wells At these locations, 
groundwater levels were allowed to equilibrate so that an approximate water-table 
depth could be determined 

Table 2 summanzes the depth and sample intervals of the borings completed near Unit 
5 during Phase 2 

4. Field Methods 

Field tasks were completed in accordance with the RFAAP Master Work Plan (URS 
2003), and Work Plan Addendum 25 (ARCADIS, 2008) The tasks are described ,n 
more detail below 

4.1 Utility Clearance 

Prior to each boring program, a utility mark out was completed by Mid Atlantic Utility 
Locators using industry standard equipment and a facility utility map An ARCADIS 
representative escorted the subcontractor to the proposed work areas and provided 
oversight during their activities 
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4.2 Direct Push Borings 

In both phases of work, direct-push drilling was completed by Columbia Technologies 
Dunng Phase 1, continuous soil samples were collected using a Macrocore™ sampler, 
hammered by a track-ng Geoprobe™ The second phase of work completed soil 
sampling using a combination of Geoprobe sample tools, including Macrocores, dual-

tube samplers, and stop-pin discrete interval samplers By all methods, undisturbed 
soil samples for lithologic characterization and laboratory analyses were obtained in 
dedicated, disposable Lexan™ liners Soil samples were field screened for the 
presence of VOCs using a photo-ionization detector (PID) In the second phase of 
work, the screening with the PID was supplemented with a flame-ionization detector 
(FID), because of its higher sensitivity to chlorinated VOCs 

All borings were abandoned using bentonite chips Investigation derived material 
(IDM) wastes including soil cuttings, decontamination water, sample liners, and other 
disposable sampling equipment were contained in drums that were stored in a 90 day 
(maximum) storage area pending transport to an approved offsite treatment and 
disposal facility 

4.3 Grab Groundwater Sampling and Vertical Aquifer Profiling 

Grab groundwater samples were obtained from the direct push borings by two 
methods 

• Hydropunch™ sampling devices By this method, a sealed sampler is advanced 
by the Geoprobe rig across the target interval through undisturbed soil By pulling 
back the tools, the sampling device opens exposing a 3 or 4 foot stainless steel 
well screen After allowing time for groundwater to enter the well and equilibrate, 
sampling may be conducted using a peristaltic or inertial pump 

0 Temporary well points For sampling locations at the top of the water table (e g , 
where vertical isolation of the sample interval is not required), samples could be 
collected by removing the Geoprobe tools and installing a temporary, dedicated 1-
ihch diameter PVC well, with a 5-foot screened section Temporary well points 
were used particularly at locations where aquifer yield was low, and significant time 
was required for water to enter the well and equilibrate Samples were collected 
via a peristaltic or inertia! pump 
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Selection of groundwater sample intervals was made by the field geologist, biased to 
intercept zones of higher permeability For vertical aquifer profile borings, interval 
selection was also biased to collect representative samples of all discrete 
hydrostratigraphic intervals encountered 

Temporary well points and hydropunch samplers were purged prior to sampling 

Where feasible, the groundwater quality parameters pH, temperature, conductivity and 
turbidity were evaluated using a field meter prior to sampling All purge water 
generated via sampling was contained in drums that were stored in a 90 day 
(maximum) storage area pending transport to an approved offsite treatment and 
disposal facility 

4.4 QA/QC 

Quality assurance/quality control (QA/QC) samples were collected at the frequency 
prescribed by the Quality Assurance Plan Addendum (QAPA) All samples were 
analyzed by Empincal Laboratory, Knoxville, TN QA/QC samples included field 
duplicates, field blanks, and trip blanks Data was validated and found to be usable 
all cases The laboratory analytical reports and associated data validation reports a 
provided as Appendix B 

5. Results 

A total of 6 soil and 18 groundwater samples were collected dunng the two phases of 
field investigation in 2008 for analysis of VOCs Summaries of detected constituents 
in soil and groundwater are provided in Tables 2 and 3, respectively Figure 5 depicts 
TCE concentrations detected in soil and includes the results of previous investigations 
(Aidant, 2003) Figure 6 depicts TCE concentrations detected in groundwater and also 
integrates results from previous investigations (Draper-Aden, 2007, and 2008) 

5.1 Soil 

Neither TCE nor any other analytes were detected in soil in excess of their industrial 
Regional Screening Level (RSL) (USEPA, 2008) However, TCE was detected in 
saturated soil samples from two bonngs located on the northeast perimeter of Unit 5 
(5GP-12A and 5GP-28) Both samples were collected beneath the water table at a 
depth of 23 to 24 ft and 27 to 28 ft, respectively TCE concentrations in the 23 to 24 
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foot sample were 0 0019 milligrams per Kilogram (mg/kg) and were 0 0057 mg/kg in 
the 27 to 28 ft sample relative to a residential soil RSL of 2 8 mg/kg The soil analytical 
results for the samples collected show decreasing TCE concentrations with depth 
Previous investigations (Draper-Aden, 2007) also reported TCE detections in saturated 
soil along the eastern edge of Unit 5 at a depth of 14 feet bgs and a concentration 
range of 0 011 to 0 120 mg/kg The presence of TCE in saturated soils is consistent 

with the presence of TCE in groundwater in the same vicinity 

5.2 Groundwater 

Groundwater monitoring has been ongoing since 1996 at Unit 5 and these data have 
been previously reported to the USEPA and VADEQ Long term data trends are 
provided as Figures A-1 through A-4 of Appendix A The results of the work reported 
herein are generally consistent with the long-term groundwater monitoring, and have 
also been used to determine the extent of the TCE plume in the vicinity of Unit 5 

TCE was detected in groundwater samples at 6 of the 18 boring locations all of which 
were located east and northeast of the Unit 5 Concentrations of TCE were greater 
than the GPS (5 ug/L) at just one location, 5GP-28 TCE concentrations in 
groundwater samples collected from two intervals at 5GP-28 (27 to 30 ft, and 36 5 to 
39 5 ft) were both greater than the GPS, at 11 and 5 7 ug/L, respectively TCE 
concentrations in the remaining five direct push borings ranged from non-detect to 
11 ug/L and defined the vertical and horizontal extent of the TCE in groundwater 
northeast of the Unit 

TCE was also detected in one of the permanent monitoring wells (5W5B) above the 
GPS at a concentration of 8 9 ug/L in December 2007 Concentrations in the 
remaining wells ranged between 2 3 ug/L to 3 4 ug/L There was no evidence of TCE 
in any of the vertical aquifer profile samples collected upgradient of Unit 5 (Figure 6) 
No reductive dechlorination daughter products of TCE (cis-1,2 dichloroethene and vinyl 
chlonde) were detected 

6. Nature and Extent of Plume 

Recent and historical analytical results indicate that TCE is present within saturated 
soils just beneath Unit 5 at one location, and at two locations under the access road 
located to the northeast of Unit 5 (Figure 5) The highest concentration of TCE 
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detected in soil was 120 ug/kg, collected beneath Unit 5 at a depth of 14 ft bos at 
boring 5GP-21 

The current horizontal extent of the TCE plume in groundwater above the GPS of 5 
M9/L is approximately 160 feet long and 40 feet wide (Figure 6) The maximum 
detection of TCE in 2008 was 11 pg/L TCE has not been detected in the Plume 

Monitoring Wells located 500 ft to 700 ft downgradient of the Unit since 1999 and prior 
1999 only very low level and sporadic detects were noted in these wells Though 
histoncally TCE concentrations at wells 5WC21, 5WC22, and 5WC23 were slightly 
greater than the GPS, however the 2007 data suggests that the downgradient extent of 
the plume has dissipated 

Vertically oriented samples have been collected in the vicinity of Unit 5 and TCE 
concentrations have been documented to decrease with depth in the surficial aquifer 
which extends to an approximate depth of 50 feet below ground surface The TCE 
plume is limited in vertical extent to shallow groundwater in the interbedded zone 
Concentrations of TCE in groundwater were observed to decrease with depth at each 
Vertical Aquifer Profile sample location where TCE was detected (Table 3 & Appendix 
A) This decreasing trend trends is also apparent at the 5WC2 well cluster where the 
shallowest well, 5WC21, has historically had higher concentrations than the adjacent 
deeper wells These data illustrate the limited vertical extent of the plume 

Figure A-5 (Appendix A) depicts the relationship between aqueous TCE concentrations 
and downgradient (northeast) distance from Unit 5 for both the most recent 
groundwater data set and the previous eight quarters These data clearly indicate a 
stable relationship and decreasing concentration trend with distance from Unit 5 TCE 
concentrations are less than the GPS approximately 160 feet from the location of the 
in,t.al detection (GP-021) below Unit 5 The relationship between distance and 
concentration, as shown by the trend line on Figure A-5, suggests that the 
concentrations ,n the range of the TCE GPS could be expected at a distance of 175 to 
225 feet from Unit 5 Because of the distance between the current extent of the TCE 
plume and the location of the existing downgradient Plume Monitoring Wells (S5W5 
S5W7, 5W9A, 5W10A and 5W11 A), a more proximal downgradient Plume Monitoring 
Well would enhance the level of confidence in the continued definition of the plume 
extent As discussed in Module VI of the Class 3 Permit Modification, and in Section 
7, below, a replacement Plume Monitoring Well is proposed approximately 200 ft 
downgradient (northeast) of Point of Compliance Well 5WC21 (Figure 2) This well will 
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enhance the level of confidence in the limits of the plume extent and is recommended 
within Module VI of the Class 3 Permit Modification 

7. Recommended Corrective Action 

At Unit 5, a well defined stable or decreasing plume has been identified The current 
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maximum TCE concentration in groundwater is 11 ug/L, and extends downgradient 
less than 200 feet from the Unit As stated in Section 2 3, the average solute transport 
velocity has been estimated at less than 15 feet per year The TCE source has been 
remediated (through capping) and no receptors are being affected As such MNA is 
recommended as the remedy for Unit 5 groundwater Natural attenuation is defined 
as "naturally occurring processes in the environment that act without human 
intervention to reduce the mass, toxicity, mobility, volume, or concentration of 
contaminants in soil or groundwater" (USEPA, 2000) These natural processes include 
dispersion and diffusion, which may be the primary mechanisms at this site The site 
conditions at Unit 5 are conducive to and align closely with the governing principles of 
selecting MNA as a remedial strategy 

7.1 Basis for MNA recommendation 

The principal data objectives for selecting MNA are reviewed below 

1 Affected media/phases of constituents are known 

TCE at Unit 5 is present in the dissolved-phase in groundwater and likely sorbed to 
soils The presence of separate phase product is not supported directly or implicitly 
by the data and the plume area is well defined 

2 Concentration levels are not significantly greater than the GPS 

The current maximum TCE concentration observed in groundwater near Unit 5 is 11 
pg/L relative to a GPS of 5 ug/L The maximum TCE concentration currently 
observed in the permanent groundwater monitoring network is 8 9 ug/L at well 
5W5B Currently, concentrations at no other permanent monitoring locations are 
greater than the GPS Groundwater concentrations at two of the four affected wells 
(5WC22 and 5WC23) have been less than the GPS for least eight quarters and 
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concentrations at all four affected wells have exhibited decreasing trends o 
past 10 quarterly events The historical maximum concentration is 26 ug/L 

3 Delineation of plume extent 

As indicated in Section 6 of this report, the extent of the TCE plume is fully 

delineated The plume (Figure 6) is approximately 40 feet wide and extends from 
the east side of Unit 5 approximately 160 feet toward the northeast TCE has not 
been detected above the laboratory detection limit in any downgradient Plume 
Monitoring Well since 1999 The vertical extent of the plume is delineated The 
presence of TCE in groundwater at concentrations greater than the GPS is limited 
to the interbedded soil zone, at depths ranging from approximately 15 to 50 feet 
bgs TCE concentrations in groundwater at depths greater than 40 feet bgs are 
less than the GPS In addition, concentrations of TCE in groundwater decrease 
with depth 

4 Groundwater data show natural attenuation is occurring 

Concentrations of TCE at all locations are below their historical maximums, and 
show clear downward trends (Figures A1-A4) The TCE concentration at well 
5W5B is currently 8 9 ug/L, down from a maximum concentration of 20 5 ug/L in 
1999 Farther downgradient, TCE concentrations at the wells of the 5WC21, 
5WC22, and 5WC23 cluster are each now between 2 5 and 3 5 ug/L, down from 
their historical maximum of 26 ug/L (at 5WC21) in 2003 

The Mann-Kendall and Senn-slope statistical tests were performed on the historical 
data sets for each of the affected wells These analyses indicate statistically 
significant decreasing trends over the last 10 quarters at each of the four Point of 
Compliance Wells exhibiting detections (Appendix A, Figures A-1 through A-4) 
The confidence levels in these trends are greater than 95% for all four data sets 
This is of particular significance because while the individual wells have each 
historically demonstrated decreasing trends from time to time, in no other period 
have all affected wells demonstrated a contemporaneous decreasing trend 

Additionally a spatial analysis was conducted for the most recent data set to verify 
the plume stability and attenuation of dissolved phase concentrations with distance 
from Unit 5 Figure A-5 (Appendix A) provides this summary plot clearly 
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demonstrating thedecreasmg TOE concentrations with distance from 0mt5 
Additionally, forreference, the pnoreightquartersofdataareshownforwells5W5B 
and5W021 Thesedata indicate thatastablerelationshipexistsbetween these 
wellsand that concentrations have been decdmngwith both time and distance 

Because detectableconcentrationsofTOEdaughterproductsare not present 

(OraperAden,200^,reductivedechlonnationisnotheldtobethedommant 
attenuation process Observed decreasing groundwatertrends are inferred to 
reflectdimmishingsourceconcehtrations, dispersion and diffusion 

5 Temporal variability is understood 

Groundwaterflowdirectiondoesnotchangesigmflcantlythroughoutthepenodof 
record Aconsistentnortheastwardflowdirectionfrom0nit5isconsistentthe 
narrowdimensionofthe plume Areviewofhistoncaldata indicates thatseasonal 

venations in precipitation and recharge may cause minor TOE concentration 
fluctuations 

6 No potential receptors 

TheTOEiscontainedwithmtheareaoftheOnitandisnotaffectingeithersurface 
waterreceptors or dnnking water sources 

7 Source remediation 

TheUnithasbeenclosedunderRORAin19^andisdned, stabbed, and hasan 
impermeable cover system 

72 CAR Implementation 

ImplementationofMNAforTOEingroundwateratUnit^wouldmcludeseveral 
componentsdetailedinRermitModuleVI Thecomponentsareasfollows 

^ VAOEOapprovalofthisOAPandthePermitAmendment 

^ ^ ta l la t ionofaRlumeMoni tonng^ 

downgradientPlumeMonitonngWellsS5W5,S5W7,5W9A,5W10 
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as shown on Figure 2 This new well will be located approximately 200 feet 
downgradient of Point of Compliance Well 5WC21 and screened at approximately 
the same interval targeted by well 5WC21 and hydropunch location GP025 (20 to 
30 bgs, contingent upon field conditions) The proposed location of the new Plume 
Monitoring Well will monitor the plume extent and stability more effectively than the 
current, more distal Compliance Monitoring Program Plume Momtonng Wells The 

existing Plume Monitoring Wells, S5W5, S5W7, 5W9A, 5W10A and 5W11A, have 
not exhibited detections since 1999 and are located either side gradient or are too 
distant (500-700 feet downgradient) to effectively monitor the present extent of the 
plume Because of the nature and extent of the plume are clearly defined, a 
single, more proximal Plume Monitoring Well will provide better surety of plume 
control than a disperse and distal monitoring network The existing wells will be 
retained as piezometers to monitor the slope and direction of the hydraulic gradient 
downgradient of the Unit 

A schedule for groundwater monitoring to verify MNA effectiveness and plume 
stability The site is presently monitored under the RCRA Post Closure Care 
Permit Appendix J summarizes the proposed Corrective Action Monitoring 
Program, incorporating proposed Plume Monitoring Well 5W12A (Figure 2) The 
present monitoring program is defined in Module V of the permit The permit will 
be amended with Module VI (Groundwater Corrective Action) to include MNA as 
the remedy A schedule for the shift from the present compliance monitoring 
program to the MNA remedy monitoring is provided in Permit Condition VI N of the 
amended permit Approval of the permit will effectively be the required impetus for 
installation of the new well and the subsequent shift to the Corrective Action 
Monitoring Program This CAP document will be attached to the permit as 
Attachment 2, Appendix I A proposed time table for system installation, including 
the potential addition of one additional monitoring well is provided in the Permit 

A description and schedule for the Corrective Action operation and maintenance 
The only capital equipment associated with the MNA Remedy monitoring network 
is the wells for which the Operation and Maintenance (O&M) is addressed under 
Module VI of the permit 

A contingency for the provision of an alternate water supply This is addressed in 
the Permit, but is not applicable The plume extent is entirely contained within the 
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RFAAP, approximately % mile from the nearest surface water discharge, with no 
current or potential groundwater use downgradient 

• A schedule for the submission of status reports Reporting of the results of the 
MNA Remedy data will continue the present Annual reporting frequency presently 

used for the Compliance Monitoring Program Details are contained in Module VI 
of the Permit 

• A recommended public notice procedure The public is routinely updated as to the 
status of the various investigations and remediations being conducted at the site 
through the restoration advisory board (RAB) This procedure will continue 
through the MNA remedy In addition the required public notifications and 
comment periods for a corrective action will be provided 

7.3 Development of MNA Remedial Timeframe 

Based on the MNA remedy selected for Unit 5, the predicted timeframe to achieve 
GPSs is 12 years (i e , October 2019) Hereafter this date is referred to as the MNA 
projected remedial timeframe During this period, semi-annual groundwater monitoring 
and annual data reporting will be performed, as required, to ensure compliance with 
the MNA remedy 

For clanty, it is noted that the predicted 2019 MNA remedial timeframe coincides with 
the end date of the Post-Closure Care Period (October 26, 2019) as specified in the 
Post-Closure Care Permit This permit, issued on September 28, 2001, requires 
compliance monitoring until October 28, 2020 The current MNA remedial timeframe 
predicts that concentrations will be less than the GPSs within the compliance penod 

The 2019 MNA remedial timeframe was calculated based on pore-volume flushing 
calculations These calculations are summarized below Additional supporting 
information ,s provided in Appendix C First, a composite retardation coefficient was 
calculated based on the sorption coefficient, soil bulk density and aquifer porosity 
Second, the number of pore-volume flushes was calculated to attenuate TCE 
concentrations to the GPS by multiplying the composite retardation coefficient by the 
natural log of TCE concentrations (current detection/divided by TCE GPS) Third, the 
solute travel time across the plume was calculated by dividing the average solute 
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transport velocity by the distance between sample location of the current maximum 
detection and first downgradient location with concentrations less than the GPS 
Finally, the remedial timeframe was calculated by multiplying the number of pore-
volume flushes by the solute travel time These calculations predicted a range of MNA 
remedial timeframes with a maximum at 11 5 years The final remedial timeframe, 
derived from the upper limit of this range, is considered to be conservative These 

calculations assume the average TCE transport velocity at Unit 5 is approximately 15 ft 
per year One environmental condition not directly factored into these calculations is 
the potential for seasonal vanations in precipitation and recharge to cause 
concentration fluctuations 

7.4 Annual Evaluation Methodology (Calculation of MNA Timeframe) 

The technical approach and methodology used for the data evaluation will be based on 
USEPA guidance for MNA studies (Newell et al , 2002) This approach involves the 
calculation of point attenuation rates and comparison of updated predicted timeframes 
to the 2019 MNA remedial timeframe The point attenuation rate represents the 
cumulative effects of all natural attenuation processes at a specific well location and 
thus is likely to be more representative of actual conditions than the conservative pore-
volume flushing calculations The following steps describe the methodology for this 
evaluation 

Construction of graphs of natural log concentrations versus time for monitoring 
wells (5W5B, 5WC21, 5WC22, 5WC23, and 5W12A) exhibiting current detections 
of TCE and degradation products at concentrations greater than GPS values 
Non-detect values will be plotted at half the detection limit 

• Calculation of the point attenuation rate constant for each constituent based on a 
linear regression whereas the slope of the regression represents the attenuation 
rate constant The dataset used to calculate the rate constant will encompass at 
least eight monitoring events 

• Updated MNA compliance predictions using the following equation 

15 



Corrective Action Plan 
Hazardous Waste 
Management Unit 5 

Radford Army Ammunition 
Plant, Virginia 

t = 

-LnjSel 
L ^ s a i , 

cost 

Whereas 

t = predicted GPS remedial timeframe 
Cgoai = GPS concentration 
Cstan = current constituent concentration 
K point = point attenuation rate 

• Provide an updated MNA remedial timeframe prediction with the additional data in 
each annual report using the methods described above An example calculation 
is provided in Appendix C 

7.5 Contingency Measures 

Recent field investigations and data analysis indicate that the residual TCE source 
area is defined, the TCE plume is stable or shrinking, and only one monitoring well 
(5W5B) and hydro-punch sample location exhibit TCE detections at concentrations 
greater than the GPS While existing monitoring data indicate that TCE will attenuate 
within a reasonable timeframe, it should be noted that short-term concentration 
increases due to seasonal or other factors (such as variations with sampling technique 
or laboratory analysis) are possible If the predicted MNA timeframe based on future 
monitoring data exceeds 12 years (2019) for three successive monitoring years then 
contingency activities will be implemented Three successive momtonng years was 
selected as a trigger for contingency measures to account for scatter associated with 
long-term monitoring data related to seasonal or other factors If concentrations 
decrease to less than the GPS, contingency measures will be discontinued 
Contingency activities may include the following 

• Increased sampling frequency to quarterly and/or additional monitoring 
parameters/analysis to evaluate seasonal effects or other factors that may be 
affecting the data trends 
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• Evaluation of concentration changes along the plume transect and/or changes 
plume geometry and contaminant mass estimates based on isocontour maps 

• Provide an updated MNA remedial timeframe prediction upon completion of 7 
quarterly events using the methods described in Section 7 4 

• Additional data collection and technical evaluation performed for these 
contingency activities will be documented in the Annual Monitoring reports, as 
appropriate 

• Design and implementation of an alternate remedial approach using enhanced in-
situ anaerobic degradation or similar in-situ technology, if the predicted MNA 
timeframe exceeds 19 years (2026) for three consecutive years, which is the time 
predicted for one additional pore flush, or an additional 7 years 

8. Conclusions 

MNA is recommended as a remedial approach for TCE in groundwater at Unit 5 The 
basis for selecting MNA is 

• The recently observed concentrations of TCE in monitoring wells are not 
significantly above GPS and have shown a declining trend in the past 10 quarters 

0 The TCE groundwater plume is contained within the facility site 

• No surface water bodies have been, or will be, affected by the plume 

There is no current or planned future use of the groundwater at the facility 

The plume of TCE in groundwater is small, stable, declining, and clearly defined 

The potential source of TCE (Unit 5) has been stabilized and capped 

Historical data collected in the past 10 quarterly monitoring events show that the 

plume is currently stable and concentrations of TCE in groundwater attenuate 
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below the GPS as groundwater moves away from the Unit There is no known 
existing source of TCE Unit 5 has been lined and capped 

• Statistical analyses show decreasing trends for TCE concentrations at all affected 

monitoring wells over the previous 10 quarterly sampling events 
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Appendix A 

Appendix A - Supporting Information From Investigational Activites (Histoncand Present) 

1 Histoncal Potentiometric Surface Maps [Not included in Permit Attachment] 

2 Histoncal Investigation Data [Not included in Permit Attachment] 

3 Histoncal TCE Concentrations in Groundwater 

4 Boring Logs (2008) 

5 Fate and Transport Plots 

6 Histoncal Investigation Bonng Logs [Not included in Permit Attachment] 



Appendix B 

Appendix B - Analytical Laboratory Data and Data Validation Reports [Not included in Permit Attachment] 



Appendix C 

This appendix discusses the development of the Monitored Natural Attenuation (MNA) remedial 
timeframe predictions presented in the Corrective Action Plan (CAP) and the approach and methodology 
for future annual MNA timeframe evaluations 

Development of Remedial Timeframe Predictions 

The MNA remedial timeframe for trichloroethene (TCE) to attenuate to less than the Groundwater 
Protection Standard (GPS) was predicted using a conservative pore-volume flushing calculation, which 
assumes that no degradation is occurring, and a series of pore flushes is the primary attenuation process 
to attenuate TCE These calculations were performed based on the following steps First, a composite 
retardation coefficient was calculated using the following equation (Payne et al 2008) 

= l + Eq 1 
"total 

PBD - bulk density of the soil A value of 1 85 g/cm3 was used assuming the total porosity of 30 
percent 

e, o t a, = total porosity The porosity for aquifer materials found at the site (clay with sand and fine 
gravel) ranges from 25 to 60 percent (Fetter, 2002) A value 30 percent was assumed for the 
purpose of estimating the remedial timeframe 
Kc = TCE partition coefficient in soil determined as follows 

= E q 2 

Where 

Koc - organic-carbon partition coefficient The calculated value of 166 Liters per kilogram (L/kg) 
as reported in Table 39 of U S States Environmental Protection Agency (USEPA) (1996) was 
used, and 

foe = fraction organic carbon in the aquifer matenal A value of 0 001 or 0 1 percent organic 
carbon which is the default value recommended by USEPA (1996) for subsurface aquifer 
materials was used 

Using Equation 1, the composite retardation coefficient was calculated as 2 02 The analytical model 
selected to evaluate the pore volume flushing is the mixed linear reservoir model (Zheng and Bennett 
2002) This model determines the number of pore volumes (N P V) required to reduce the starting 
dissolved concentration (C s t a r t) to a target concentration (C g o a l) using the following equation 



^'1 =-Rcomp„s,Jn 

Where 

^g'jal 

. C 
y^vurl J 

Eq 3 

N p v =number of pore volume flushes 

ĉomposite = composite retardation coefficient (calculated as 2 02 for TCE) 
Cgoai = the MCL for TCL of 5 ug/L 

Cstart = current maximum TCE concentration (11 ug/L - 5GP-028) 

Using Equation 3, the number of pore-volume flushes was 1 60 

Last, the predicted MNA remedial timeframe was calculated by multiplying the required number of pore 
volume flushes to adequately attenuate TCE contamination by the travel time across the plume 
(groundwater velocity divided by the distance between monitoring wells) 

T=(N P V*L)/V S Eq 4 

Where 

T= predicted MNA timeframe 
N p v = number of pore volume flushes (1 6) 

L = Length along the flow path between monitoring locations (108 ft) 
V s = Groundwater velocity across the plume (15 ft/year) 

Using Equation 4, the predicted MNA timeframe for TCE to attenuate to the GPS based on pore-volume 
flushing ,s 11 5 years An example of this pore-volume flushing calculation is provided as Appendix C-1 
The final remedial timeframe of 12 years (2019) was derived from the upper limit of this range 

The time required for TCE to attenuate based on one additional pore flush was used to develop the 
timeframe for when contingency measures will be implemented, if required Using Equation 4 the 
predicted MNA timeframe for TCE to attenuate to the GPS based on 2 6 pore flushes is 18 7 years 

Methodology for Annual MNA Evaluation 

The pore-volume flushing calculations, which were used to develop the predicted MNA remedial 
timeframe only account for dilution and dispersion as the primary attenuation mechanisms and thus are 
very conservative ,n nature EPA guidance for MNA studies recommends that MNA predictions be based 
on attenuation rates derived from long-term momtonng data (Newell et a l , 2002) These data represent 
the cumulative effects of all natural attenuation processes at a specific well location and thus are likely to 
be more representative of actual conditions than the conservative pore-volume flushing calculations For 
the annual MNA Evaluation at Unit 5, the technical approach and methodology will be based on point 
attenuation rate calculations as described ,n Newell et al (2002) This approach involves the calculation 
of point attenuation rates and comparison of updated predicted timeframes to the 2019 MNA remedial 
timeframe The following steps describe the methodology for this evaluation 



Construction of graphs of natural log concentrations versus time for monitoring wells (5W5B 5WC21 
5WC22, 5WC23, and 5W12A) exhibiting current detections of TCE and degradation products at 
concentrations greater than GPS values Non-detect values will be plotted at half the detection limit 

Calculation of the point attenuation rate constant for each constituent based on a linear regression 
analysis whereas the slope of the regression represents the attenuation rate constant The dataset 
used to calculate the rate constant will encompass at least eight monitoring events 

Updated MNA compliance predictions using the following equation 

" C 
-In 

t 
r 
^nari 

Eq 5 

£ 

Where 

t = predicted GPS remedial timeframe 
Cgoai = GPS (ug/L) 

Cstart = current constituent concentration (ug/L) 
Kpomt - point attenuation rate 

• Comparison of updated MNA predictions to the 2019 MNA remedial timeframe 

An example calculation for TCE at well 5W5B » provided as Appendix C-2 Using Equation 5 the 

= £ S = = = ? ~ S ~ = ~ 
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Appendix C-l 

Predicted MNA Remedial Timeframe per CAP 

Total Porosity = 30% % Estimated 
log(Koc) = 2 22 ' — USEPA 1996 
foe = 0 001 USEPA 1996 
Bulk Density = 1 85 g/cm3 

assumed value based on 30% total porosity 
Kd = 0 17 Calculated, KoC*f0C 

Retardation Coefficient = 2.02 — Calculated; 1+((Kd*Bulk DensitvUtotal Dorositv) 

Groundwater Velocity = 15 ft/yr Estimated 
Spacing Between 5GP-028 and 5CW21 = 108 ft Calculated from Scale on Figure 1 (1"=80') 
Travel Time Between Wells = 72 yr Calculated 
Retardation Coefficient for TCE = 2 02 Calculated 
Current TCE Concentration in 5GP-028 = 11 ug/L Given 
Current TCE Concentration in 5CW21 = 25 ug/L Given 
End Concentration = 5 ug/L TCE GW standard 
Number of Pore Flushes = 1.60 Calculated 
Predicted MNA Remedial Timeframe 11.5 y Calculated 

PORE FLUSHES + 1 
Number of Pore Flushes = 2.60 Calculated 
Predicted MNA Remedial Timeframe 18.7 yr Calculated 



( j m . 

Sample Date TCE (ug/L) In TCE (ug/L)l 

4/18/2005 13 00 2 56 
8/15/2005 12 00 2 48 
11/18/2005 12 00 2 48 
2/14/2006 8 50 2 14 
4/18/2006 17 00 2 83 
8/18/2006 11.00 2 40 
11/18/2006 940 2 24 
2/14/2007 900 2 20 
4/18/2007 10 00 2 30 
10/30/2007 8 90 2 19 
4/28/2008 780 2 05 

«NUMI 

WNUMi 

HNUMI 
WNUMi 

#NUMI 
#NUMi 

#NUMi 

«NUM! 

«NUMI 

#NUMi 

Appi 
Point Attenuation Rai # - 2 

:ate^alculi 
alculation Example 

Well 5W5B, TCE 

# 

Last 8 rounds TCE MCL Estimated Rate and Time Required Current MNA 
Timeframe 
Prediction 

MNA Goal (per CAP) 
MNA Ineffective Date 

First Event Last Event 
Rate Rate Time 

Current MNA 
Timeframe 
Prediction 

MNA Goal (per CAP) 
(per CAP) First Event Last Event 

ug/L (per day) (per year) (years) 

Current MNA 
Timeframe 
Prediction 

(per CAP) 

2/14/2006 4/28/2008 5000 0.0005 0 183 2 44 October-2010 October-2019 December-2026 

Effectiveness Evaluation for MNA Remedy 

1) Is the current MNA remedial timeframe prediction less than the 2019 MNA Goal? 

2) Is the current MNA remedial timeframe prediction less than the 2026 MNA 
ineffective date? 

Status 

yes 

yes 

Condition 

If 'yes', then the remedy is considered effective and no additional action is required If 'no' for 
three consecutive years, then contingency measures will be implemented as defined in the 
CAP. 

If 'yes', the remedy will be considered effective If no' for three consecutive monitoring years, 
then an alternate remedial approach will be implemetned as defined in the CAP 



# # 

.1 Appendix J 
Groundwater Corrective Action Targeted Contaminants - GPSs and Semiannual Monitoring List for Unit 5 

Targeted CA Contaminants (Concentration Unit: ug/1) 

CONSTITUENTS 

Trichloroethene (TCE) 
1,1 -Dichloroethene (1,1 -DCE, H,C=CCI.) 
cw- 1,2-Dichloroethene (c-DCE) 
//-am-l,2-Dichloroethene (/DCE) 
Vinyl chloride (Chloroethene, VC, H2C=CHC1) 
Cobalt, total 

See the note in Appendix K for Column Titles 

Sulfate 
Sulfide 
Total Organic Carbon (TOO 

Field Parameters 

9056 

9060B 

Nitrate Electron acceptor by denitrifying bacteria 
Sulfate/Sulfide: Electron acceptor/Sulfate 
reduction 

pH 

Temperature 

Dissolved Oxygen (DO) 

Oxidation-Reduction Potential (ORP) 

Specific Conductivity 

DO: aerobic environments; electron acceptor 
^ x f o k n j i a l ^ 
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Appendix K 
GROUNDWATER CORRECTIVE ACTION ANNUAL MONITORING LIST 

Concentration Unit ug/1 

CONSTITUENTS 

Antimony, total 
Arsenic, total 
Barium, total 
Beryllium, total 
Cadmium, total 
Chromium, total 

Nickel, total 

Selenium, total 

Thallium, total 

Vanadium, total 6010/6020 

Bis (2-ethylhexyl) phthalate (DEHP) 
2-Butanone (Methyl ethyl ketone, MEK) 
Chloroform 

Dichlorodifluoromethane 
1,2-Dichloroethane 

Diethyl phthalate 

2,4-Dinitrotoluene 



# 

2,6-Dinitrotoluene 

Methylene chloride (Dichloromethane) 
o-Nitroaniline, 2-
/P-Nitioaniline, 4-

Nitrobenzene 
Toluene 

Xylenes (total) 

606-20-2 

75-09-2 
88-74-4 
100-01-6 
98-95-3 

108-88-3 
1330-20-7 

8270C 
8260B 
8270C 
8270C 
8270C 
8260B 
8260B 

07 

0 182 

07 

08 

0 1 
0 208 

10 

10 

20 

0 08 

07 

10 
20 

0 1 
0 

1000 

10000 

0 042 

99 

150 

3 3 

0 12 

860 
190 0 

4 8 
370 

3 4 

0 12 
2300 

200 

10 

150 

20 

1000 

10000 

NOTE: 
CAS RN Chemical Abstracts Service registry number 

Tea, A/a/K%6/w EWwa/mg SoM WWe- fAyi,ca//C/,c/»,cw/ AWzodk. SfNWo-
MDL Method Detection Limit, 
PQL Practical Quantitation Limit, 

Background Values calculated upgradient background concentrations (Appendix F, Permit Attachment 2) 
AfCZ. Mzr.mwm CWam,/,aM, (MC% - % W q/ a , W w .„ 

EPA, June, 2008 Subject to change when it is updated 
XCA ' A f O e p w r / m e a t X ^ ^ 

KM. , ^ y g / o ^ 6y OwA /?,Jge AW.oW ^wAorwfory Wg^gewg, X g ^ g w , w„A X /Vw»g 20/ / ) /o 
change when it is updated. J 

GPS Groundwater Protection Standard 

mmmmsmm 
# the MCL for total tnhalomethanes, including bromodtchloromethane, bromoform. dibromochloromethane, and chloroform ,s 80^/1 



HAZARDOUS WASTE MANAGEMENT 
POST-CLOSURE CARE PERMIT 

ATTACHMENT 3 

UNIT 16 
CLOSED HAZARDOUS WASTE LANDFILL 

Radford Army Ammunition Plant 

EPA I.D.#:VA1210020730 



ATTACHMENT 3 
UNIT 16 

APPENDIX A 

HYDROLOGICAL AND GEOLOGICAL 
INFORMATION 



ATTACHMENT 3 
UNIT 16 

APPENDIX A.1 

UNIT TOPOGRAPHIC MAP AND 
WELL LOCATION MAP 
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GEOLOGICAL CROSS SECTIONS 
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Draper Aden Associates 
CONSULTING ENGINEERS 

Bigcksburg. VJr,,n 1 0 - R l Chmond. V,rg,n,o 

DESIGNED RGM 
DRAWN BTM 
CHECKED AEK 
DATE 4 - 8 - 9 9 

HWMU-16 CROSS-SECTION LOCATION MAP 

RADFORD ARMY AMMUNITION PLANT 
RADFORD, VIRGINIA 

SCALE: 1" = 100' FIGURE 

PLAN NO.7774-08 
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POTENTIOMETRIC SURF A CE MAPS 
(GROUND WA TER ELEV A TION) 



# 

Draper Aden Associates 
Engineering * Surveying - Environment Services 

2206 South Mam Street ' r—r — 
a i a c k s b o r , , . V A 24060 J ' * ™ " ^ U 4 

™T™4 FJ* SA0'SS2*™ :zzzac 

DESIGNED RGM, 
DRAWN JFF/DRW 
CHECKED AEK 
DATE 02/13/02 

HWMU-16 POTENTIOMETRIC SURFACE MAP (FOURTH QUARTER 2001) 
RADFORD ARMY AMMUNITION PLANT 
RADFORD, VIRGINIA 

SCALE: 1"=200' FIGURE 

PLAN NO. 7774-22 
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Revised RCRA Past-Closure Permit Application. HWMU-16, Radford AAP 
First Revision: August, 1999 

B. GENERAL INFORMATIONAL REQUIREMENTS 

The Radford Army Ammunition Plant (Radford AAP) is submitting this revised RCRA 
Hazardous Waste Management Part B Permit Application for Hazardous Waste Management 
Unit Number 16 (HWMU-16) in accordance with Virginia Hazardous Waste Management 
Regulations 9 VAC 20-60-1010 and in response to the Virginia Deoartment of Environmental 
Quality's (VDEQ's) review of the RCRA Part B Permit Application for Radford Army 
Ammunition Plant (November 1984, revised October 1985). For the purposes of this permit, the 
term "Facility" refers to all contiguous portions of the Radford AAP under the control of either 
the United States Army or Alliant Ammunition and Powder Company, L.L.C. (Alliant). The 
Facility specifically includes both the Horseshoe Area and the Main Manufacturing Area. The 
subject Part B Permit Application will be effective for only a portion of the Facility (i e 
HWMU-16), which will be designated herein as the "Unit." All other HWMUs at the Radford 
AAP Installation will be, or have been, addressed under separate Permit Documentation. 
General Information is provided to demonstrate the context of HWMU-16 within the overall 
history and function of the Radford AAP Installation. 

B.l General Facility Description 

Location 

The Radford AAP is located in the mountains of southwestern Virginia within Pulaski 
and Montgomery Counties. The installation consists of two noncontiguous areas - the Radford 
Unit (or Main Section) and the New River Ammunition Storage Area Unit. The Main Section is 
located approximately 4 miles northeast of the city of Radford, approximately 10 miles west of 
Blacksburg, and 47 miles southwest of Roanoke, Virginia. The New River Unit is located 
approximately 6 miles west of the Main Section, near the town of Dublin, Virginia, All uses of 
the terms "Radford AAP" or "the Facility" in this document refer to the Main Section only. 

The Radford AAP is situated in one of a series of narrow valleys typical of the Valley and 
Ridge physiographic province of the Appalachian Highland Region of North America. Oriented 
in a northeast-southwest direction, the valley is approximately 25 miles long. The valley has a 
width of approximately eight miles at the southwest end and narrows to approximately two miles 
at the northeast end. The Radford AAP lies along the New River in the relatively narrow 
northeast comer of the valley. The maximum elevation at Radford AAP is 2,225 feet above 
mean sea level (MSL) in the southeast comer and the minimum elevation is approximately 1,675 
feet above MSL along the New River at the northern property boundary. 

The Radford AAP is divided by the New River into two areas (Figure 1-1, Section I of 
this Application). The southern area, which comprises approximately two-thirds of Radford 
AAP, is called the "Main Plant Area." The remaining northern one-third section is called the 
"Horseshoe Area," and is located within the meander of the New River. The entire Radford AAP 
is secured by artificial barriers to prevent unknowing or unauthorized entry. The Facility 
perimeter is surrounded by a six-foot chain link fence with three-strand barbed wire top guard. 
The access gates and perimeter fencing at the Radford AAP are posted with no trespassing signs. 
The signs are posted in sufficient number so as to be seen from any aoproach to the restricted 
portions of the property. 

Forty three (43) Solid Waste Management Units (SWMUs) and eight (8) HWMUs are 
located in both the Main Plant Area and the Horseshoe Area (Figure 1-2). This Part B Permit 
Application is specifically for HWMU-16. As shown on Figure 1-2, HWMU-16 is located in the 
Horseshoe Area. HWMU-16 is a closed hazardous waste landfill. Hazardous wastes known to 
have been disposed of within HWMU-16 included 3,898 tons of ash from the burning of waste 
explosives and explosives-contaminated material (D008 and D007 waste), 545 tons of 
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First Revision: August, 1999 
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Revised RCRA Post-Closure Permit Application, HWMU-16, Radford AAP 
First Revision: August, 1999 

Responsibility 

„,Hfn T facility personnel, the general responsibilities assigned to the 
Radford AAP have not changed rrom those outlined by U3ATHAMA (1976), these include: 

• Manufacturing of explosives and propellants; 

Handling and storage of strategic and critical materials as directed for 
other government agencies; 

Operation and maintenance, as directed, of active facilities in support of 
current operations. Maintenance and/or lay-away, in accordance with 
Armnumtion Procurement and Supply Agency instructions, of standby 
facilities, including any machinery and packaged lines received from 
industry, in such conditions as will permit rehabilitation and resumption of 
production within the time limitations prescribed; 

Receipt, surveillance, maintenance, renovation, demilitarization, salvage 
storage and issue of assigned Field Service Stock and industrial stock as 
required or directed; 

' ^xs&ss^r suppliK' 
Mobilization planning, including review and revision of plant as required; 

• Custodial maintenance and administrative functions of ^installations' 
and ' 

• Support services for tenants. 

####mmm# 
^ ^ ^ x t ^ ^ r t s ^ ^ r - <DSARDA,SA5wMch ̂  

Industrial Operations 

s m c Induction at Radford AAP is accomplished at the primary and secondary manufacturing 
areas. The pnmary manufacturing processes are the production of single-base and multi-base 
n m v S L P r ° P ? l l a n t s ' / a s ' and so ventless propellants, and TNT. Separate process areas are 

? ?,r0<?u C t l 0 n o f

r

s o l v e n t l e s s ProP="ant, referred to as rolled powder. The process 
n ™ J f ? J ? $ T Y- f o r & e Pact ion of solvent-type single-, double-, and triple-base 
ITrFJ, S? j ! , m a j 0 u , d l

l _
f F e r e n c e s «n the specific chemical and explosive ingredients added. 

Wnm « w double-base propellants may include one or more of the following chemicals: 
banum nitrate, potassium nitrate, ethyl centralite, graphite, carbon black, potassium sulfate, lead 
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Revised RCRA Post-Closure Permit Application, HWMU-16. Radford AAP 
First Revision- August, 1999 

carbonate, dibutylphthalate, and dipheny]amine. Triple-base propellants consist of ethyl 
centrahte and potassium sulfate cryolite, while special high-energy propellants contain hitjh 
melting point explosives (HMXs). The secondary manufacturing processes include the 
production of oleum, nitric acid, NO, and NC. 

Propellant Production 

The separate processes used in the production of the various propellants are discussed 
below. 

Single-base solvent propellant - In this batch process, nitrocellulose is 
dehydrated and mixed with appropriate chemicals and solvents for the desired 
blend. The mixture then undergoes a series of operations where it is shaped into a 
cylindrical block, extruded into strands, and cut to desired size. The solvents 
ethyl alcohol and ethyl ether are recovered, and the grains are water and air dried. 
The last major operation includes glazing, blending, and packaging. 

Multibase solvent propellant - The manufacture of the multibase solvent 
propellant is similar to the single base except for the addition of nitroglycerin, 
mtroguanidine, and other chemicals for the formulation desired. The ethyl 
alcohol and acetone solvents are recovered, and the mix is forced-air dried. 

Cast propellant - The manufacturing of cast propellants for rocket grains requires 
the mixing of nitroglycerin with triacetin, diethyl phthalate, ethyl centralite and 2-
mtrodiphenylamine (2-NDPA) (depending on formulation), and a casting solvent, 
followed by the addition of the base grain. The rocket grain is then cast, cured, 
machined, assembled, and packaged. 

Solventless propellant (rolled powder) - The solventless propellant is prepared 
by a batch process in which nitrocellulose, nitroglycerin, and other chemicals are 
slurried in water, wrung to a wet cake, and dried to a paste. After the paste is 
blended, the mixture is rolled into sheets. The propellant is then wound into a 
carpet roll for extrusion into small rocket grains. The propellant is also rolled and 
finished for mortar increments. 

TNT Production 

Before its destruction in May 1974, the TNT plant consisted of three manufacturing lines 
(A, B, and C), each with a rated capacity of 50 tons/day using the modem Canadian Industries, 
Limited (CTL), continuous nitration and purification process and an advanced drying, solidifying 
and packaging operation. When the TNT plant reopened in 1983, the B and C lines were 
restored, and improved safety equipment, process equipment, and a TNT wastewater treatment 
facility were added. The overall volume of TNT production was reduced. Operations for fume 
recovery, red water concentration and destruction, waste neutralization, and spent acid recovery 
were located in the TNT plant area. These operations directly support the manufacture of TNT. 

Secondary Manufacturing Operations 

The secondary manufacturing operations at Radford AAP are the production of oleum, ' 
sulfuric and nitric acids, nitroglycerin, and nitrocellulose, as described below: 
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^ Oleum 40 percent is manufactured by absorbing sulfur trioxide(S03) in 
100 percent sulfuric acid. Anewplant, constructed in 1970, usesasulfur 
acid regeneration (SAP.) process. 

D The a^onia oxidation process (ACP) is used to make weak, 60 percent 
nitneacid. A newplant was constructed m!970. 

The sulfuric acid concentration (SAC) process produces 93 percent 
^Iruric acid, and concentrates thesulfuric acid residue from the nitric acid 
concentration (NAC) and TNT processes. This process was replaced bv 
theSARprocessin!970. ^ 

D ^eNAC process is used to concentrate the weak nitric acid produced in 
tbe AOP plant and to recover the spent acids from the manufacture ofNC 
aridNO. This was replacedbyanewfacility constructed in 1970. 

NO was manufactured at Radford AAP by both the batch and continuous (8iaz^i) 
processes The batch process employed three steps: nitration of glycerin to produce NO 
separation, andneutralizationofthe NO charge. The continuous process isafully automated 
^nrrol^d method in which the NO is produced by reactions similar to the ba^ m 
^ ^ ^ b a t c h process became inoperative and was replaced byacontinuous process. Since 
1984, onlythecontmuous process has been operating. 

^hemanufac^ofNC starts wim the preparation and air drying of cotton 
^ood pulp fibersand me preparation ofmixed acid (nirricBsulmri^ 
steps consist of nitration and purification. Adry charge of cotton linters or wood pulp fibers, 
dependmgonmetypeandgradeofNCdesired, is agitated wimtherriix^ 
^rm^tion,mespentacidisseparatedfromtheNC.TherawNCfromth^ 
^stabilizedbyastabihzationacidboil and two neutral boilsmme boi l ings 
transferred to me beater house, where itiscuttosuitablesize and parnallyneutra^^ 
thepoacherhouse,aseriesofNCboilsarepermrmed;firs4asodaboilneutralizes^ 
acid, thenneutral boils and washesareperformed to remove mesoda.TheNCis^ 
filtered, and washed, m the blender house, NC of various classes is mixed to produce the 
mixture or blend desired. The rmxmre is men wrung through centrimgal wringers in m e ^ 
wringerhousetoobtamaproductcontairungasmall and umform amount o TheNC 
isthenshippedtomegreenpowderlinesforprocessingintosingle-basesolventpropellantandto 
theNOprermxareaforprocessingintomultibasesolventandsolventlesspropellant. 

8.2 OhemicalAndPhyslcalAnalysesofthe Hazardous ^aste!51and^d at the ^nit 

Hazardous wastes known to have been disposed of within HWMU-16 included 3,898 
^ ^ ^ ^ m me burmng of waste explosives and explosives-contarmnatedm 
ar^O007 waste), 545 tons of wastewater treatment sludges (^044 and ^045 waste),6 
^ ^ ^ ^ v a n o u s laboratory chemicals. Acomplete listing of the wastes contained in 
HWMU-16 is presentedmthe Hazardous Waste Permit Application P a r t A f o r R a d ^ 

wording to BP toxicity analyses conducted on ash residues disposed in 
HWMU-16, several heavy metals were detected. With the exception of lead concentrations 
detected m thepropellant burning ground ash, the metals detected exhibited low (i.e., 
unhazardous) concentrations. The results of the analyses conducted on the ash residues are 
presentedm Table 8-2attheendofthis section 
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TABLE 1 

SUMMAS2 DaSOI3TiCN 0? WASTES DISPOSED IX TWM IS 

Waste 

Sate Of 
Generat ion 

( t a n s / y r ) 

P h y s i c a l Hazard S3A Sazar; 
Tora Desc r ip t i on Nuafcer 

Ash from waste 
p rope l l an t 
i n c i n e r a t i o n 

Residue from 
vasts propellant 
burning 

Residue from 
explosive 

contaminated 
waste burning 

SAR area fume 
burner ash 

Sludge from 
neut . of SAR 
process water 

Sludge from 
neut . of n i t r o 
cel lulose ' a f g 
ac id process 
water 

unknown 

unknown 

200 

0 . 1 

s o l i d 

s o l i d 

s o l i d 

s o l i d 

r e a c t ! r e , 
nan-53 
t o x i c 

reactive, 
Z3 toxic 

r e a c t i v e 

E? t o x i c 

nonhazardous 

lazardous 

DCQ3 

0003, 
D008 

0003 

D006, 
D007 

Sludges from 
3{.ooLar.t, 
Bu i ld ing 470, 
and NG 2 
?re treatment 
Bu i ld ing 9410 

.ardous 

(Source: Engineering-Science) 
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Revised RCRA Post-Closure Permit Application, HWMU-!6. Radford AAP 

First Revision: August, 1999 

TABLE B-2 

EP TOXICITY RESULTS FOR WASTES DISPOSED IN HWMU-16 

PARAMETER 
Incinerator Ash from Waste 

Prooellant Tncinwatnr 
Contaminated 

Burning Ground Ash 
Propellant Burning 

Ground Ash 

Arsenic ND ND ND 
Barium ND 0.64 mg/l 0.76 mg/l 

Cadmium 0.092 mg/l 0.032 mg/l 0.012 mg/l 
Chromium 0.148 mg/l 0.026 mg/l 0.031 mg/l 

Lead 3.4 mg/l ND 51 mg/l 
Mercury ND 0.029 mg/l ND 
Selenium ND ND ND 

Silver 0.037 mg/l ND ND 

ND = Not Detected 

Source: USAEHA (December 1981) 
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P. 0. No. Date Quantity Material 

80-83 9-19-80 58 lbs. Lead Salicylate 
80-100 11-3-80 550 lbs. Sulfur 
80-108 11-18-80 500 lbs. Sulfur 
81-3 1-7-81 250 lbs. Nitrodiphenyl amine 
81-7 2-2-81 76 lbs. Carbolac 
81-7 2-2-81 25 lbs. Alum. Powder 
81-8 2-2-81 100 lbs. Potassium Nitrate 
81-14 2-11-81 400 lbs. - Cryolite 
81-34 4-2-81 650 lbs. Diphenyl amine 
81-43 4-27-81 15 lbs. Chromium Nitrate Crystals 
81-57 5-27-81 500 lbs. Sulfur 
81-74 7-8-81 450 lbs. Cryolite, Synthetic 
83-07 1-10-83 100 lbs. Magnesium Oxide 
83-10 1-19-83 200 lbs. Charcoal 
83-15 2-3-83 1.1 lbs. Ferrous Ammonium Sulfate 
83-25 .2-14-83 1 lb . Phenolphthalein Powder .2-14-83 

3 Bottles Ferrous Ammonium Sulfate 
83-48 4-15-83 150 lbs. Ethyl Cellulose Flake 
83-72 6-6-83 1.1 lbs. Ferrous Ammonium Sulfate 
83-76 6-13-83 3.0 lbs. Barium Perchlorate 

0.5 lb . Lead Dioxide 
0.5 lb . Lead Nitrate 

83-89 7-5-83 21 lbs. Carbon Black 
83-119 9-27-83 220 lbs. Potassium Sulfate 
82-67 8-10-82 ' 3 Bottles Tetra Bromethane 

17 Bottles Stabilizer Sol. Ph 4 
11 Bottles Sodium Methoxide 
9 Bottles Chlorobenzene <-r— 

82-77 8-26-82 120 Bottles Yellow Ink 
82-86 10-1-82 1095 Each Combat Meals 
82-107 12-8-82 2 Bottles Alkalini ty #1, Reagent #1 
» u 2 Bottles Alkal ini ty , #2, Reagent #2 
u a 2 Bottles Buffer Salt pH 7.2 Mixture 
I I I I 2 Rolls Cotton, Aseptic, Absorbent 
" " 54 Gals. Diubutyl Phthalate 
l« H 2 Bottles 1, 3-Diphenylguanidine 
" * 2 Each Mannitol - MP 166-167 
u I I 2 Bottles Mercuric Chloride 
u I I 1 Bottle Morpholine 
II U 2 Bottles No. 2 Absorbing Reagent 
" " 2 Bottles Nitrilotrietnanol MP 20-22 

DEG 
u II 2 Bottles Sodium Sulfate Anhydrous 
u u 1 Lot Perchloric Acid 70-72 PC 
H n 3 Pks. Perfluoroelastomer 
U u 2 Bottles Phosphorus Pentoxide Powder 
u u 1 lb . Potassium Sulfate Powder 
I I u 3 lbs. Sodium Acetate, Crystals 

B-l-2 



P. 0. Ho. Date Quantity Material 

82-107 12-8-82 3 Bottles Sodium Citrate, Crystal 
» K 1 lb. Sodium Cobaltinitrate Powder 
" • 1 Bottle . Sodium Methoxide 
« " 2 Bottles Sodium Oxalate Standard 

6 lbs. Stearic Acid 
" " 1 Lot Sucrose Rea Cry 
" " 4 Gals. Tetrahydrofuran 6 -
" " 1 Lot " ' T h y m o l Blue B Indicator 

- . Solution 
" " 9 Bottles Triphenyl Phosphate 

" 1 lb. Uranyl Acetate 
1 Bottle "Zinc Metal Dust 

" " 4 Pks. Total Count Millipore Filters 

0713b 



Additional Materials Placed in Site 16 Hazardous Waste Trench Since 1930 

a. 2168 tons of residues frcm burning explosives and explosives -
contaminated wastes 

b. 545 tons of wastewater treatment sludges 

c. 165 tons of flashed spent activated carbon 

8-1-4 
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Post-closure Permit Radford AAP Unit 16 
Appendix E to Attachment 3 - Compliance Monitoring Constituents 

EPA ID No VA 1210020730 
P/Zj/M/j 

ATTACHMENT 3, UNIT 16 

APPENDIX E 

GROUNDWATER COMPLIANCE MONITORING (SEMIANNUAL) 
CONSTITUENT AND REQUIRED ANALYTICAL METHOD LIST 

i f f ' - 0METHO& P Q E ( u # 
Arsenic, total 6010/6020 10 
Barium, total 6010/6020 10 

Beryllium, total 6010/6020 
Cadmium, total 6010/6020 
Chromium, total 6010/6020 

Cobalt, total 6010/6020 
Copper, total 6010/6020 
Lead, total 6010/6020 

Mercury, total 7470 
Nickel, total 

Vanadium, total 
6010/6020 

6010/6020 
10 

10 
Zinc, total 6010/6020 10 
Benzene 8260 

2-Butanone 8260 10 
Carbon tetrachloride 8260 

Chloroethane 8260 
Dichlorodifluorofnethane 8260 

1,1-Dichloroethane 8260 
Diethyl ether 8260 12.5 

Dimethyl ether: 8260 12.5 
Ethylbenzene 8260 

Methylene chloride 8260 
Tetrachloroethene: PCE 8260 

Chloromethane 8260 
Toluene 8260 

1,1,1-Trichloroethane 8260 



Post-closure Permit Radford AAP Unit 16 
Appendix E to Attachment 3 - Compliance Monitoring Constituents 

EPA ID No VA 1210020730 

Trichloroethene 8260 1 
1,1,2-Trichloro-1.2,2-Trifluoroethane 8260 1 

Trichlorofluoromethane 8260 1 
Xylenes, total 8260 3 

Diethyl phthalate 8270 5 
2,4-Dinitrotoluene 8270 10 
2,6-Dinitrotoluene 8270 10 

Notes 
ug/1 = micrograms per liter 
PQL = Practical Quantitation Limit 

A I I O ^ ! ^ 5 ^ 3 w 6 f " M I T » P A ' S S W " 8 4 6 ' T e S t M e t h 0 d s , n suPPort of the RCRA program, 
August 31, 2010 Website http//wwwepagov/epawaste/hazard/testmethods/indexhtm Sinqle 

e l a r ! r e q u ' r e d f o r e a c h P a r a m e t e r a n d constituent during each sampling event Alternate SW-
846 Methods may be approved by the Department if the request is in writing and submitted at least 
30 days prior to the sample collection event Proposed alternate methods shall achieve the same 
practical quantitation limit/estimated quantitation limit (or lower) as the specified method 
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TABLE 2 
HWMU-16 

Calculated Background Values 

Constituent 1 Background Concentration 
(Mg/l unless otherwise noted) 

Antimony 
Arsenic 
Barium 
Beryllium 

I 
175.4 

Cadmium 
0.7 
0.2 

Chromium 
Cobalt 

6.2 

Copper 13 
Lead 10 
Mercury 
Nickel 
Selenium 
Silver 

0.2 
16 

0.5 
Thallium 
Vanadium 151 
Zinc 51 
Bromoform 
Carbon Tetrachloride 

0.3 
0.2 

Chlorobenzene 
Chlororaethane 

0.1 
0.3 

1,4-Dichlorobenzene 0.1 
Dichlorodifluoromethane 
1,1-Dichloroethane 

46.5 
9.5 

1,2-Dichloroethane 0.1 
trans-1,2-Dichloroethene 0.1 
Ethylbenzene 
Methyl Ethyl Ketone 

0.1 
1.1 

1,1,2,2-Terrachloroethane 
Tetrachloroethene 

0.3 
0.7 

Toluene 
1,1,1 -TrichJoroethane 
1,1,2-Trichloroethane 

0.1 
9.2 
0.5 

Trichloroethene 
Trichlorofluoromethane 
Vinyl Chloride 
Xylenes (total) 

0.1 
11.3 
0.1 
0.2 

Page 1 of2 



TABLE 2 
HWMU-16 

Calculated Background Values 

Constituent Background Concentration j 
(Mg/l unless otherwise noted) J 

Di-n-butylphthalate 5 
2,4-DinitrotoIuene 0.10 
2,6-DinitrotoIuene 0.11 
2378-TCDF 0.0485 ppt j 
12378-PECDF 0.0439 ppt 1 
23478-PECDF 0.0417 ppt 
123478-HXCDF 0.0390 ppt 
123678-HXCDF 0.0377 ppt 
234678-HXCDF 0.0428 ppt 
123789-HXCDF 0.0415 ppt 
1234678-HPCDF 0.0615 ppt 
1234789-HPCDF 0.0709 ppt 
OCDF 0.1307 ppt 
Cyanide 10 
Total Organic Carbon (x4) 7000-
Total Organic Halides 1x4} 42.2 
Specific Conductivity 672 MS/cm 
pH 5.7 to 7.9 pH units " 

Page 2 of2 



Statistical Computations 
Trifluoroethane 

- RAAP HWMU-16 - l,l,2-Trichloro-l,2,2-

In accordance with the facility permit and VHWMR, statistical background 
concentration is being established for 1,1,1 -Trichloro-1,2,2-Trifluoroethane. Inter-well 
upper prediction limits (UPL) were calculated on the background data for this target 
parameter in accordance with the facility permit and VHWMR (40 CFR 264.97(h)). 
Background data for tips target parameter consisted of all data for the background well 
16C1 collected from 2 n d quarter 2004 through 3 rd quarter 2006. 

Discussion of Tests for Normality 

The power of a statistical tool to account for false positive and false negative 
results, while accurately detecting true statistical variations for a facility under scrutiny 
depends on numerous factors, one of which is the distribution of the data. A great 
number of statistical tools are based on the assumption that data are normally distributed. 
Hence the distribution of the sample population for parameters evaluated under this 
statistical analysis is first determined. Sample populations are tested for normal 
distribution using several normality tests. "Groundwater Information Tracking System 
with Statistical Analysis Capability" (GRITS/STAT) v5.0 was the software used to run 
these statistical tests. GRITS/STAT is an analytical software package provided by the 
USEPA. The distributions of the data sets were verified in the original mode as well as in 
log-transformed mode. The normality of the data set was evaluated using the Shapiro-
Wilk test for normality. 

Discussion of Prediction Interval Tests 

Normality tests are performed prior to running parametric tests (tests that require 
that the data be normal). Results of the normality tests show that the background data for 
1,1,2-Tnchloro-1,2,2-Trifluoroethane is non-normally distributed. Non-parametric UPL 
(NUPL) was constructed on the background data for this parameter. The confidence levels 
of NUPLs are typically approximate and estimated to be around 91%. 

Summary of UPL 

Parameter Background 
Data Distribution 

Type 
of UPL 

Multiple 
Comparisons/year 

UPL (ug/1) 

1,1,2-Tnchloro-1,2,2-
Trifluoroethane 

Non-Normal NUPL N/A 1.2 

=—= — _ 

U^HLOR^^.TRjFLUOROEniANBRKT 



Statistical Computations - RAAP HWMU-16 

In accordance with the facility permit and VHWMR, statistical background 
concentrations are being established for the four new target parameters chloroethane, diethyl 
ether, dimethyl ether and methylene chloride. These four target parameters were added to 
the facility monitoring program during the 3rd quarter 2003 monitoring event. Inter-well 
upper prediction limits (UPL) were calculated on the background data for the target 
parameters m accordance with the facility permit and VHWMR (40 CFR 264.97(h)). 
Background data for these target parameters consisted of all data for the background well 
16C1 collected from 3 rd quarter 2003 through 3rd quarter 2004. 

Discussion of Tests for Normality 

The power of a statistical tool to account for false positive and false negative 
results, while accurately detecting true statistical variations for a facility under scrutiny 
depends on numerous factors, one of which is the distribution of the data. A great 
number of statistical tools are based on the assumption that data are normally distributed. 
Hence the distribution of the sample population for parameters evaluated under this 
statistical analysis is first determined. Sample populations were tested for normal 
distribution using several normality tests. "Groundwater Information Tracking System 
with Statistical Analysis Capability" (GRITS/STAT) v5.0 was the software used to run 
these statistical tests. GRITS/STAT is an analytical software package provided by the 
USEPA. The distributions of the data sets were verified in the original mode as well as in 
log-transformed mode. The normality of the data sets was evaluated using the Shapiro-
Wilk test for normality. 

Discussion of Prediction Interval Tests 

Normality tests are performed prior to running parametric tests (tests that require 
that the data be normal). A 99% confidence parametric inter-well UPL was computed for 
each of the four target parameters that showed normally distributed background data 
Results of the normality tests show that the background data for chloroethane, diethyl ether 
and methylene chloride are normally distributed, and the background data for dimethyl ether 
is non-normally distributed. Non-parametric UPL (NUPL) was constructed on the 
background data for dimethyl ether, and parametric UPLs (PUPL) were constructed on the 
background data for chloroethane, diethyl ether and methylene chloride. No adjustments to 
the error rates were made to the NUPLs for multiple comparisons. Adjustment for 10 
comparisons per year (considering 10 compliance monitoring wells at the facility and 4 
quarters of data for each year, and considering historic detects, 10 is considered a 
representative number for multiple comparisons per year) was made to the PUPLs The 
confidence levels of NUPLs are well less than 95%. Any statistically significant increase 
(SSI) must be confirmed by verification sampling. 

E \ROSS WORK\RADFORD AAP ARCHrVES\HWMU-16\RPT - 05 0202 - HWMU 16ADDPARAMETERSUPL - SN DOC 



Summary of UPLs 

Parameter Background 
Data Distribution 

Type 
of UPL 

Multiple 
Comparisons/year 

UPL (ug/1) | 

Chloroethane Normal PUPL 10 20.7 
Diethyl ether Normal NUPL 10 75 5 
Dimethyl ether Non-normal PUPL N/A 17.0 
Methylene Chloride Normal PUPL 10 13.95 1 

E \ROSS WORK\RADFORD AAP ARCHIVES\HWMU-16\RPT- 05 0202 - HWMU,6ADDPARAMETERSUPL - SN DOC 



RAAP-HWMU-16 - Statistical Analysis - Notes 

1) Y2K Correction dates are as shown in table below 
Actual Event Date Used in Stat Software 
2000-Qtr1 12/13/1999 
2000-Qtr2 12/14/1999 
2000-Qtr3 12/15/1999 
2000-Qtr4 12/16/1999 
2001-Qtr1 12/17/1999 
2003-Qtr3 12/18/1999 
2003-Qtr4 12/19/1999 
2004-Qtr1 12/20/1999 
2004-Qtr2 12/21/1999 
2004-Qtr3 12/22/1999 

Interwell Tests: 
2) Background data for target parameters chloroethane. diethyl ether, dimethyl ether and methylene chlonde were evaluated 
using Shapiro-Wilk test Background data showed normal distribution for chloroethane, diethyl ether and methylene chloride 
Parametric interwell 99% confidence upper prediction limits were computed for parameters wrth normally distributed background data 
Dimethyl ether background data was non-normally distributed. Therefore non-parametric Upper Prediction Limit (UPL) 
was computed for dimethyl ether 

3) No adjustments for multiple comparisons could be made for non-parametnc UPLs Adjustments were made to the parametric UPLs 
for 10 future comparisons per year to account for multiple compliance momtonng wells and quarterly event data 
Any Statistically significant increase (SSI) must be confirmed by verification sampling 

E \Ross Work\Radford AAP Archives\HWMU-16\[HWMU16StatDate correction xlsJSheetl 



# 
rmality Tests 

Report Printed: 02-02-2005 13:49 

Facility: RAAPHWMU16 Haz. Waste Unit 16 - RAAP 

Address: 

City:Radford ST:VA Zip:24141 
County: PULASKI 

Contact: 
Phone: ( ) -

Permit Type: Detection 

Constituent: ClEthane Chloroethane 

CAS Number: 75-00-3 
MCL: 0.000 ppb 
ACL: 0.000 ppb 

Detect Limit: 2.000 ppb 

Start Date:Mar 31 1996 
End Date: Dec 22 1999 

# 

Normality Test on Observations for wells listed below: 

Well:16Cl Position:Upgradient Observations:5 

Scale Minimum Maximum Mean Sid Dev 
Original: 1.000 6.400 4.340 2.078 

Log: 0.000 1.856 1.303 0.749 

Pooled Statistics 
Observations: 5 

Statistic Original Log 
Scale Scale 

Mean: 4.340 1.303 
Std Dev: 2.078 0.749 
Skewness: -0.810 -1.296* 
Kurtosis: -0.555 -0.011 
Minimum: 1.000 0.000 
Maximum: 6.400 1.856 

CV: 0.479 0.575 

# 
iro-Wilk Statistics 

Test 5% Critical 1% Critical 
Scale Statistic Value Value 

Original: 0.9037 0.7620 0.6860 



Log: 0.7615* 0.7620 0.6860 

Jfcln, 
V I 

Indicates statistically significant evidence of non-normality. 
^T/STAT Version 5.0 

# 



# 

Parametric Prediction Interval 
Report Printed February 2,2005 

Facility :Haz. Waste Unit 16 - RAAP P a g C 1 

Parameter: Chloroethane(CAS Number:75-00-3) 

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL 

Observations (n): 5 
Shapiro-Wilk (W): 0.9037 

Critical W,a=0.01: 0.6860 
Mean: 4.340 ppb 

Std Dev: 2.078 ppb 
DF: 4 

Conf. Level (1-a): 0)9600 O ?1 
Future Samples (k): 10 

t r - l - a - , : 7.1732 

L k-> 
Kappa: 7.8579 

UL: 20.669 ppb 
LL: -cc 

# 

Report Produced by GRITS/STAT 5.01 



* 
irmality Tests 

Report Printed: 02-02-2005 13:49 

Facility:RAAPHWMU16 Haz. Waste Unit 16 - RAAP 

Address: 

City.Radford ST:VA Zip:24141 
County:PULASKI 

Contact: 
Phone:( ) -

Permit Type:Detection 

Constituent: DEthEth Diethyl ether 

CAS Number: - -
MCL: 0.000 ppb 
ACL: 0.000 ppb 

Detect Limit: 24.000 ppb 

Start Date:Mar 31 1996 
End Date:Dec 22 1999 

# 

Normality Test on Observations for wells listed below: 

Well:16Cl Position:Upgradient Observations:5 

Scale Minimum Maximum Mean Std Dev 
Original: 12.000 30.000 21.200 6.907 

Log: 2.485 3.401 3.007 0.355 

Pooled Statistics 
Observations: 5 

Statistic Original Log 
Scale Scale 

Mean: 21.200 3.007 
Std Dev: 6.907 0.355 

Skewness: -0.122 -0.491 
Kurtosis: -1.140 -1.024 
Minimum: 12.000 2.485 
Maximum: 30.000 3.401 

CV: 0.326 0.118 

# 
•iro-Wilk Statistics 

Test 5% Critical 1% Critical 
Scale Statistic Value Value 

Original: 0.9768 0.7620 0.6860 



Log: 0.9507 0.7620 0.6860 

A^Wndicates statistically significant evidence of non-normality. 
^PRIT/STAT Version 5.0 



Parametric Prediction Interval 
Report Printed February 2,2005 

Page 1 
Facility:Haz. Waste Unit 16 - RAAP 

Parameter:Diethyl ether(CAS Number:- -) 

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL 

Observations (n): 5 
Shapiro-Wilk (W): 0.9768 

Critical W,a=0.01: 0.6860 
Mean: 21.200 ppb 

Std Dev: 6.907 ppb 
DP: 4 _ 

Conf. Level (!-<%): &##9& O ™ 
Future Samples (k): 10 

t r 1 - or-, : 7.1732 

L r,' 
Kappa: 7.8579 

UL: 75.470 ppb 
LL: -oo 

# 

Report Produced by GRITS/STAT 5.01 



rmality Tests 

eport Printed: 02-02-2005 13:53 

Facility:RAAPHWMU16 Haz. Waste Unit 16 - RAAP 

Address: 

City:Radford ST:VA Zip:24141 
County.PULASKI 

Contact: 
Phone:( ) -

Permit Type:Detection 

Constituent:DMethEth Dimethyl ether 

CAS Number: - -
MCL: 0.000 ppb 
ACL: 0.000 ppb 

Detect Limit: 24.000 ppb 

Start Date:Mar 31 1996 
End Date:Dec 22 1999 

^ 

Normality Test on Observations for wells listed below: 

Well.T6Cl PositiomUpgradient Observations:5 

Scale Minimum Maximum Mean Std Dev 
Original: 12.000 17.000 13.000 2.236 

Log: 2.485 2.833 2.555 0.156 

Pooled Statistics 
Observations: 5 

Statistic Original Log 
Scale Scale 

Mean: 13.000 2.555 
Std Dev: 2.236 0.156 

Skewness: 1.500* 1.500* 
Kurtosis: 0.250 0.250 
Minimum: 12.000 2.485 
Maximum: 17.000 2.833 

CV: 0.172 0.061 

# 

piro-Wilk Statistics 

Test 5% Critical 1% Critical 
Scale Statistic Value Value 

Original: 0.5521* 0.7620 0.6860 



Log: 0.5521* 0.7620 0.6860 

•

Indicates statistically significant evidence of non-normality. 
RIT/STAT Version 5.0 

# 

# 



# 

Nonparametric Prediction Interval 
Report Printed February 2,2005 

Page 1 
Facility-.Haz. Waste Unit 16 - RAAP 

Parameter:Dimethyl ether(CAS Number:- -) 

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL 

Observations (n): 5 
Conf. Level (1-a): 33 330% 

UL: 17.000 ppb 
LL: 0.000 

# 

# 

Report Produced by GRITS/STAT 5.01 



• 

prmality Tests 

eport Printed: 02-02-2005 13:54 

Facility:RAAPHWMU16 Haz. Waste Unit 16 - RAAP 

Address: 

City:Radford ST:VA Zip:24141 
County:PULASKI 

Contact: 
Phone:( ) -

Permit Type: Detection 

Constituent: MeCl Dichloromethane (Methylene chloride) 

CAS Number: 75-09-2 
MCL: 0.000 ppb 
ACL: 0.000 ppb 

Detect Limit: 2.000 ppb 

Start Date:Mar 31 1996 
End Date.Dec 22 1999 

# 
Normality Test on Observations for wells listed below: 

Well:16Cl PositiomUpgradient Observationŝ  

Scale Minimum Maximum Mean Std Dev 
Original: 4.100 6.800 5.800 1.037 

Log: 1.411 1.917 1.743 0.197 

Pooled Statistics 
Observations: 5 

Statistic Original Log 
Scale Scale 

Mean: 5.800 1.743 
Std Dev: 1.037 0.197 

Skewness: -0.925 -1.088* 
Kurtosis: -0.436 -0.263 
Minimum: 4.100 1.411 
Maximum: 6.800 1.917 

CV: 0.179 0.113 

# 
iro-Wilk Statistics 

Test 5% Critical 1% Critical 
Scale Statistic Value Value 

Original: 0.8964 0.7620 0.6860 



Log: 0.8519 0.7620 0.6860 

fWmmlndicates statistically significant evidence of non-normality. 
IT/STAT Version 5.0 

# 

# 



Parametric Prediction Interval 
Report Printed February 2,2005 

Facility:Haz. Waste Unit 16 - RAAP P a g e 1 

Parameter:Dichloromethane (Methylene chloride(CAS Number:75-09-2) 

ONE-TAILED UPPER PARAMETRIC PREDICTION INTERVAL 

Observations (n): 5 
Shapiro-Wilk (W): 0.8964 

Critical W,a=0.01: 0.6860 
Mean: 5.800 ppb 

Std Dev: 1.037 ppb 
DF: 4 

Conf. Level (1-a): 4%9599"0•^ ^ 
Future Samples (k): 10 

t r 1 -or-, : 7.1732 

L TJ 
Kappa: 7.8579 

UL: 13.947 ppb 
LL: -oo 

# 

# 

Report Produced by GRITS/STAT 5.01 



Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells 
Radford Army Ammunition Plant, Radford, Virginia 
Upgradient well = 16C1 All Results in ug/L. 

Analne/Ouarur I 16C1 I 16MM) I I6.VW9 I 7<yCM WC//» OL nPX I 
Chloroethane 

Third Quarter 2003 64 u 4 8 u 
CASH 

U 
75-00-3 

1 20 7 8260B 

Fourth Quarter 2003 57 u 26 11 U 1 207 8260B 

First Quarter 2004 U J U J U J U J U J 1 20 7 8260B 

Second Quarter 2004 44 u 24 0 63 J U 1 20 7 82 BOB 

Third Quarter 2004 42 u 2 U u 1 20 7 8260B 

Fourth Quarter 2004 49 u 2 5 U u 1 20 7 8260B 

First Quarter 2005 76 J U J 37 J U J U J 1 20 7 8260B 

Second Quarter 2005 U J u U J U u 1 20 7 8260B 

Third Quarter 2005 47 J U J U U J U J 1 20 7 8260B 

Fourth Quarter 2005 46 J u 2 6 J U u 1 20 7 8260B 

First Quarter 2006 5 3 u U U u 1 20 7 8260B 

Second Quarter 2006 5 J u 2 J U u 1 20 7 8260B 

Third Quarter 2006 5 u 07 J 0 7 J u 1 20 7 82608 

Fourth Quarter 2006 58 u 1 U u 1 20 7 8260B 

First Quarter 2007 61 u 1 U u 1 20 7 62608 

Second Quarter 2007 52 u 14 U u 1 20 7 82608 

Diethyl ether 
Third Quarter 2003 12 J u 12 J U 

CASI 
u 

60-29-7 

12 . 8260B 

Fourth Quarter 2003 30 u 14 U u 12 - 8260B 

Firsl Quarter 2004 24 u U U u 12 . 8260B 

Second Quarter 2004 23 J U J 13 J U J U J 12 - 82608 

Third Quarter 2004 17 u U u u 12 - 82608 

Fourth Quarter 2004 24 U J U u U J 12 - 8260B 

Firsl Quarter 2005 29 u 14 u u 12 - 82608 

Second Quarter 2005 20 U J 92 U J U J 12 - 8260B 

Third Quarter 2005 30 u 15 u u 12 - 62608 

Fourth Quarter 2005 25 u 18 u u 12 - 82608 

First Quarter 2006 19 u U u u 12 - 82608 

Second Quarter 2006 17 u U u u 125 - 82608 

Third Quarter 2006 33 15 J 43 J 46 J u 12.5 - 82608 

Fourth Quarter 2006 20 u U U u 12 5 - 82608 

First Quarter 2007 21 u U U u 12 5 - 82608 

Second Quarter 2007 17 J 1 5 J 57 J 21 J U J 12.5 - 82608 

Dimethyl ether 
Third Quarter 2003 66 J u 99 J U 

C4S* 
u 

115-10-6 

12 82608 

Fourth Quarter 2003 U u U U u 12 - 8260B 

First Quarter 2004 17 J U J 13 J U J U J 12 . 82608 

Second Quarter 2004 U J U J 66 J U J U J 12 - 82608 

Third Quarter 2004 U J U J U J U J U J 12 82608 

Fourth Quarter 2004 16 J U J 12 J U U J 12 - 8260B 

First Quarter 2005 26 u 25 U u 12 - 82608 

Second Quarter 2005 15 u 14 U u 12 - 8260B 

Third Quarter 2005 13 u U u u 12 . 82608 

Fourth Quarter 2005 U u U u u 12 - 8260B 

First Quarter 2006 U u U u u 12 - 82608 

Second Quarter 2006 U u U u u 12 5 - 82608 

Third Quarter 2006 11 J U J 32 J 28 J U J 125 - 8260B 

Fourth Quarter 2006 U u U U u 12 5 . 8260B 

First Quarter 2007 u u U U u 12 5 - 8260B 

Second Quarter 2007 11 J u 7 J 2 6 J 12 J 125 . 8260B 

See last page of this report for definitions. 4 C \ 
^gDraper Aden Associates 

fagelofl Erermig»SunTvm5»EriTOtTmalSmicB 



Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells 
Radford Army Ammunition Plant, Radford, Virginia 
Upgradient well = 16C1 All Results in ug/L 

Analtve/Otiarter - - -.1 /*% AjtMm.. I 16MW9 I 16WC1A ! 16WC1B 01. GPS I M«hod 

Methylene chlor ide 
Third Quarter 2003 4 1 u u u U 

CMS* 75-09-2 
13 95 82608 

Fourth Quarter 2003 68 u u u u 1 13 95 82608 

First Quarter 2004 64 u u u u 1 1395 82608 

Second Quarter 2004 57 u u u u 1 13 95 82608 

Third Quarter 2004 6 U A U A U A u A 1 13 95 82608 

Fourth Quarter 2004 64 u u u u 1 13 95 82608 

First Quarter 2006 68 J u u u u 1 13 95 82608 

Second Quarter 2005 63 u u u u 1 1395 62608 

Third Quarter 2005 6 2 u u u u 1 13 95 82608 

Fourth Quarter 2005 47 u u u u 1 1395 82608 

First Quarter 2006 4 9 u u u u t 13 95 82608 

Second Quarter 2006 7 u u u u 1 13 95 82608 

Third Quarter 2006 U N U N U N U N u N 1 1395 82608 

Fourth Quarter 2006 U A u u U A u 1 1395 82608 

First Quarter 2007 63 u u u u 1 1395 82608 

Second Quarter 2007 34 u u u u 1 1395 82608 

1,1,2-Trichloro-1 ^2 -Tr i f l uo roe thane 
Third Quarter 2003 U u u u 

CAS* 76-13-1 
U 1 8260B 

Second Quarter 2004 1 2 U J U J U J u J 1 - 82608 

Third Quarter 2004 U u u u u 1 - 82808 

Fourth Quarter 2004 U u u u u 1 . 8260B 

First Quarter 2005 1 u u u u 1 . 82608 

Second Quarter 2005 u u u u u 1 - 82608 

Third Quarter 2005 u u u u u 1 . 82608 

Fourth Quarter 2005 u u u u u 1 - 8260B 

First Quarter 2006 u u u u u 1 - 82608 

Second Quarter 2006 u u u u u 1 - 82608 

Third Quarter 2006 u u u u u 1 82808 

Fourth Quarter 2006 u u u u u 1 . 82608 

First Quarter 2007 u u u u u 1 - 82608 

Second Quarter 2007 u u u u u 1 . 8260B 

See last page of this report for definitions. 
isgSDraper Aden Associates 
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Target Analyte Monitoring Results - HWMU-16 Point of Compliance Wells 
Radford Army Ammunition Plant, Radford, Virginia 

Awtot/Qumtr I UC.l \l6Mm ~\ 16MW9 \16WC1A ,6WClli Ol. CPS I Method 

Definitions: QL Denotes permit required quantitation limit. U Denotes analyte not detected at or above QL UA Denotes 
analyte not detected at or above adjusted sample QL J Denotes associated result is estimated When used with "U" (i e, "UJ"), 
denotes analyte not detected at or above QL and QL is estimated When used with U A " (te, "UAJ"), denotes analyte not detected 
at or above adjusted QL and adjusted QL is estimated UN Denotes analyte concentration is less than the quantiation limit and five 
times the blank concentration Not reliably detected due to blank contamination This qualifier used only for Appendix IX momtonng 
event when results are reported to at or above the project detection limit R Denotes result rejected Q Denotes data validation qualifier 
CAS# Denotes Chemical Abstract Services registration number X Denotes mass spectral confirmation not obtained-result suspect 

GPS Denotes Groundwater Protection Standards listed in Appendix G to Attachment 5 in the Final Hazardous Waste Post-Closure Care 
Permit for Hazardous Waste Umts 5,7,10, and 16 (October 4,2002) 
NS denotes not sampled NA denotes not analyzed. "-" denotes not detected (pre-2nd Quarter 2003) or not available / not sampled 
(beginning 2nd Quarter 2003) 

Notes: 
-Appendix IX Groundwater Monitoring Events-
Third Quarter 2003, Second Quarter 2004, Second Quarter 2005, Third Quarter 2006, Second Quarter 2007 
For Appendix IX momtonng events, all results evaluated to detection limit See laboratory data deliverable for detection limit 

-9/30/2003 Verification sampling event lor I6CI (heptachlor) and I6CIB (Endrm) Venfication results all results reported 
not detected to detection limit Ongmal results 0 067 ug/1 and 0 39 ug/1, respectively Confirmation results reported in this table. 

-9/3072003 Venfication sampling event for 16C1 (chloroethane, ethyl ether, methyl ether, methylene chlonde) and 
16MW9 (chloroethane, ethyl ether, methyl ether) Venfication results all results confirmed ongmal analysis. Original results 
reported in this table. 

-June 21,2004 Verification event for 8260B 16C1 (1,1-dichloroethene and 1,1,2-thchloro-l.2,2-mfiuoroethane) 
Venfication results all not detected except l,I,2-tnchIoro-l,2,2-trifluoroethane added to quarterly analyte list beginning 3Q 2004 
Due to laboratory error, Appendix IX results for semivolatiles (Method 8270C) will be presented in 3Q 2004 Venfication event results 
forl6WClB and 16C1 (8081 A ) - a l l venfication results were not confirmed. 

-07/27-28/2005 Venfication event for 16WC1B (Mercury Method 7470A) Not detected in venfication sample 
Also, venfication event for 16C1,16WC1B-808IA and 16C1,16MW9, KWCIA-ethanol All venfication results not detected 
Venficahon results used. 

•06/19/2007 Venfication event for 16WCIB and 16MW9 thallium Not detected in venfication sample Venfication results used 

Upgradient well = 16C1 All Results in ug/L. 

See last page of this report for definitions. 
Draper Aden Associates Page } of } Eigueaug • Sungmg • BnrcumralSmKes 



ATK Armament Systems 
Energetic Systems 
Radford Army Ammunition Plant 
Route 114, PO Box1 
Radford. VA 24143-0100 

wwwatkcom 

August 1,2011 

Jutta Schneider 
Program Manager 
Office of Remediation Programs 
Virginia Department of Environmental Quality 
629 East Main Street 
Richmond, Virginia 23219 

Subject: Additional Appendix IX Groundwater Monitoring Results - Final Notification 
Post-Closure Care Permit HWMUs 5, 7,10, & 16 
Radford Army Ammunition Plant, Radford, Virginia 
EPA ID#: VA1210020730 

Reference: ATK Letter No 11-815-90 Dated June 23, 2011 

Dear Ms. Schneider: 

During Second Quarter 2011, Alliant Techsystems Inc. completed semiannual groundwater monitoring for 
Hazardous Waste Management Units (HWMUs) 5, 7, 10, and 16 located at the Radford Army Ammunition Plant 
(Radford AAP) in Radford, Virginia. The Second Quarter 2011 groundwater monitoring event also served as annual 
monitoring under 40 CFR 264 Appendix IX for HWMUs 7,10, and 16. 

Verification samples were collected on June 27, 2011 at HWMUs 7 and 16 to confirm or refute the detection of 
additional Appendix IX constituents listed in the table below. 

Well Location Constituent's) 1 Result 
HWMU-7 

7W11B Benzene Not Verified 
7MW6 Benzene; Diethyl ether Not Verified 

HWMU-26 
16WC1B 4,4'DDD Not Verified 
16WC1A Benzene Not Verified 
16MW9 Benzene VERIFIED, Add to List 

The verification sample results confirmed only the presence of the additional Appendix IX constituent, benzene in 
point of compliance well 16MW9. Benzene was detected below the LOO in well 16MW9; therefore, benzene will 
be added to the compliance monitoring list for HWMU-16. No other additional Appendix IX constituents were 
detected in the verification samples collected at HMWUs 7 and 16. 

The permit requires collection of four quarters of monitoring data from a Unit's upgradient well(s) to establish 
background values for newly detected Appendix IX constituents. However, Alliant Techsystems Inc. has collected 
benzene data from HWMW-16 upgradient monitoring well 16C1 during the previous nine annual Appendix IX 
groundwater monitoring events (2003-2011). Benzene has never been detected at or above the LOO in upgradient 
well 16C1; therefore, in lieu of quarterly background monitoring, we propose to use these data to set the background 

11-815-106 
JFlint 



Jutta Schneider 
August 1,2011 
Page 2 

value for benzene at the LOQ of 1 ug/1 and the groundwater protection standard (GPS) at the USEPA maximum 
contaminant level (MCL) of 5 ug/1. 

Complete details regarding the Second Quarter 2011 monitoring event (field data, laboratory data, and data 
validation reports) will be forwarded to the VDEQ in the forthcoming Semiannual Groundwater Monitoring Report 
for Hazardous Waste Management Units 5, 7, 10, and 16, Second Quarter 2011, which is due to the VDEQ by 
August 15, 2011. However, Alliant Techsystems Inc. has submitted a request to the VDEQ for a 60-day extension 
to the August 15, 2011 reporting deadline; a response to the request is pending. 

If you have any questions or concerns, please contact Mr. Jeremy Flint at 540/639-7668 
(Jeremy.Flint@ATK.COM). 

Sincerely, J 

c: Aziz Farahmand, VDEQ-BRRO 
Fuxing Zhou, VDEQ-Central 

11-815-106 
JFIint 



Jutta Schneider 
August 1,2011 
Page 3 

Coordination: (ymtviaw. [cKenna M. A. Miano 

be: P. W. Holt 
J. McKenna, AGO Staff 
Jeremy Flint 
Mike Lawless, Draper Aden Associates 
Env. File 

11-815-106 
JFlint 
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Concerning the following: 

CY20U Second Quarter Semiannual Monitoring Event 
Additional Appendix IX Groundwater Monitoring Results - Final Notification 

Radford Army Ammunition Plant, Radford, Virginia 
EPA ID#: VA1210020730 

mmmmmmmm 
# 

SIGNATURE: 

PRINTED NAME: 
TITLE: 

SIGNATURE: 

PRINTED NAME: 
TITLE: 

Wm Byron Penland 

Lieutenant Colonel, US Army 
Commanding 

Kent D. Holiday 

Vice President and General Manager 
ATK Energetics Systems 

# 
11-815-106 
JFIint 



Post-close Permit, Radford AAP Unit 16 
Appendix G to Attachment 3 -JGPS 

EPA ID No VA12100270730 
9/23/2013 
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GROUNDWATER 
PROTECTION STANDARDS (GPS) 



Post-close Permit, Radford AAP Unit 16 
Appendix G to Attachment 3 - GPS 

EPA ID No VA 12100270730 
9/23/2013 

Appendix G to Attachment 3 

GROUNDWATER PROTECTION STANDARDS: UNIT 16 

Unit: ug/1 Unless Otherwise Noted 

Constituents/Parameters 864 
Methods 

PQL Back
ground 

EPA MCL ACL 
RSL 

GPS 

Arsenic, total 6010/6020 10 1 10 10 
Barium, total 6010/6020 10 175.4 2000 2000 
Beryllium, total 6010/6020 1 0.7 4 4 
Cadmium, total 6010/6020 1 0.2 5 5 
Chromium, total 6010/6020 5 6.2 100 100 
Cobalt, total 6010/6020 5 5 4.7 5 
Copper, total 6010/6020 5 13 1300* 1300* 
Lead, total 6010/6020 1 10 15* 15* 
Mercury, total 7470 2 0.2 2 2 
Nickel, total 6010/6020 10 16 300 300 
Vanadium, total 6010/6020 10 151 63 151 
Zinc, total 6010/6020 10 51 4700 4700 
Benzene 8260 1 1 5 5 
2-Butanone; Methyl ethyl ketone 
(MEK) 

8260 10 1.1 4900 4900 

Carbon tetrachloride 8260 1 0.2 5 5 
Chloroethane 8260 1 20.7 

21000 21000 
Dichlorodifluoromethane 8260 1 46.5 190 190 
1,1 -Dichloroethane; 8260 1 9.5 0.15 9.5 
Diethyl ether 8260 12.5 75.5 7300/RSL 7300 
Dimethyl ether; 8260 12.5 17 17 
Ethylbenzene; Phenylethane 8260 1 0.1 700 700 
Methylene chloride 8260 1 13.95 5 13.95 
Tetrachloroethene (PCE) 8260 1 0.7 5 5 
Chloromethane 8260 1 0.3 190 190 
Toluene 8260 1 0.1 1000 1000 
1,1,1 -Trichloroethane; 
Methylchlorpform; 

8260 1 9.2 200 200 

Trichloroethene 8260 1 0.1 5 5 
Trichlorofluoromethane 8260 1 11.3 - 1000 1000 



Post-close Permit, Radford AAP Unit 16 
Appendix G to Attachment 3 - GPS 

EPA ID No VA 12100270730 
9/23/2013 

Trifluorotrichloroethane (1,1,2-
Trichloro-1,2,2-Trifluoroethane) 

8260 1 1.2 59000/RSL 59000 

Xylenes (total); 1,3-, 1,2-, & 1,4-
Dimethylbenzene 

8260 3 0.2 10000 10000 

Diethyl phthalate 8270 5 5 11000 11000 
2,4-Dinitrotoluene 8270 10 10 0.2 10 
2,6-Dinitrotoluene 8270 10 10 0.042 10 

NOTES: 

EPA MCL: Maximum Contaminant Level of USEPA National Primary Drinking Water 
Regulations (web: http://water.epa.gOv/drink/contaminants/index.cfm#Primarv: 
June 2, 2010). * - Action Level. Subject to change without notice as directed by 
DEQ. 

Background: Calculated using analytical data from 1996 through 1998 for upgradient 
well 16C1. 

DEQ ACL: VA DEQ Alternate Concentration Limit, Dec - 2013. Subject to change 
without notice as directed by DEQ. 

RSL: RSL are developed by Oak Ridge National Laboratory under an Interagency 
Agreement with EPA (June 2011). See web site "Mid-Atlantic Risk Assessment" 
at http://vvww.epa.gov/reg3hwmd/risk/human/index.htrn Subject to change 
without notice as directed by DEQ. 

For any monitoring event, if a GPS for a constituent in the table above is based on PQL, the Permittee will 
perform verification of a detection (i e value greater than the Detection Limit) of such a constituent using 
low-level analytical methods, if such methods are standard methods that are routinely available from 
commercial laboratories. Furthermore, the low-level analytical method will be used only if the PQL 
achievable by that method is less than, or equal to, the ACL or RBC for the subject constituent If the 
verification event confirms a quantifiable detection ( I e value greater than the PQL) above the applicable 
ACL or RBC, a revised background concentration will be established using low-level analytical methods, if 
appropriate, and the GPS will be updated based on the new background concentration if warranted 
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Site 16 
Ground Water Monitoring Well Construction Details 

j UTM Coordinates 

Welt I.D. 
Ground 

Elevation Northing Easting 
Soring 

Termination 
Depth 

Top of Well 
Screen 

Total Well 
Depth 

Screen 
Length Comments 

16C-1 1836 78 3.601.325 10.892 905 70 55 70 _ 1 5 " 1 
16MW8 1615 82 3,501.520 10,893,440 76 66 76 10 , 
16MW9 1808.88 3,601.480 10,893.420 79 59 79 10 1 

16WC1B 1812 95 3.601,360 10.893,440 79 3 62 73 1 1 1 

16WC1A 1612 61 3.601,380 10,893,440 100 82 5 93 5 1 1 1 -
16-1 1813.86 3,601,720 10,893.340 60 30 . 60 30 1 

16-2 1808 78 3.601 560 10,893.550 77 . . 52 77 25 1 

16-3 1823.83 3.601.150 10.893,525 89 5 69 5 89 5 20 " " 1 
16-5 1739.50 3,601,830 10,894.020 50.71 35.71 50 71 ,15 4 6 
16WC2B 1818 71 3.601,570 10,893.370 104 91 102 5 11 5 1 
SPFSNQ 

Comments: 1) Well construction details obtained from boring log. 
2) Well screen length obtained from boring log. 
3) Well screen length obtained from other data on file. 
4) Well screen length assumed. 
5) Total well depth obtained from boring log. 
6) Total well depth obtained from field sampling log. 

l(>bJC2~M 

Ii 



Post-close Permit; Radford AAP, Unit 16 
Attachment P- Well Construction & Bonn? Lovs 

EPA ID No -VAD1210020730 
07/31/01 

Attachment P 

BORING LOGS AND WELL CONSTRUCTION DIAGRAMS 

Appendix 1. General Information 
Appendix 2. Well 16C1 - Background 
Appendix 3. Well 16MW8 - POC 
Appendix 4. Well 16MW9 - POC 
Appendix 5. Well 16WC1A - POC 
Appendix 6. Well 16WC1B - POC 
Appendix 7. Well 16-1 - Compliance Monitoring Well 
Appendix 8. Well 16-2 - Compliance Monitoring Well 
Appendix 9. Well 16-3 - Compliance Monitoring Well 
Appendix 10. Well 16-5 - Compliance Monitoring Well 
Appendix 11. Well 16WC2B - Compliance Monitoring Well 
Appendix 12. Well 16SPRING - Additional Sampling Point 
Appendix 13. Well 16WC2A - Piezometer 
Appendix 14. Well 16C3 - Piezometer 
Appendix 15. Well 16CDH3 - Piezometer 
Appendix 16. Other Wells 



Post-close Permit; Radford AAP, Unit 16 E P A l D N o . VAD1210020730 
Attachment P- Well Construction & Boring Logs 07/31/01 

# 

Appendix 1. 

General Information 

# 
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M I L , 
I I I O A T I I ni n i l in I I 

c-i 
MW-8 
M W 4 
WC-1B 
18-1 
10~2 
I H 

Cx_ 
COH-* 
WC-1A 
WC-2A 

a w u N o 

C~t 
COH-2 
DH-1 
DH-1A 
C-2 

UP/BO 
POC 
POC 
POC 
ASMT 
ASMT 
ASMT 
ASMT 
ASMT 
ASMT 
ASMT 
ASMT 
ASMT 
ASMT 

ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 
ACTIVE 

UP SWL 
W SWL 
UP SWL 
UP M A C n v 
CORCH I f t tCTIV 

ABNO 

70.00 
74.00 
79.00 
7 *30 
eo.oo 
73.00 
SO.ftQ 
6 A M 
70.00 
64 60 
•3.60 
88.80 

102.80 

DAT! 

oatuo 

0&O1/B0 YES 
01/17/88 YES 
o a _ 2 m YE6 
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IQOCMM YES 
10/2-04 YES 
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PAT—B 
|OVU»—Ul I a i " 

16 
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YES 
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YES 
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I 
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Appendix 2. 

Well 16C1 (Background) 
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Attachment P: Well Construction <Sc Boring Logs _ Q7/J {/Q J 

Appendix 3. 

Well 16MW8 (Point of Compliance) 



feAfrP / 5!-^. lip /MW 

WELL CONSTRUCTION DETAILS FOR MW-8 C 

BORING NUMBER: MH-8 

HELL TYPE: 2 , „ , S c h . < a p V C , Flush J o , n t 

2 fn , No.19 Slot Teflon 

4 *n, Sch.33 Steel 

fi'f Pre::urg/Surg: 

SCREEN TYPE 

CASING TYPE 

DEVELOPMENT 

Contract No. VS8I377 

Date Water 
Level Obtained: I-24-e* 

VENTED IM£3? CPP 

PWnCTIVE STEEL CHS IMG 
WITH LOCKING CRP 

GSCLNIJ SURFACE 

CDOT/CONCRETE COLLAR 

BOREHOLE 

Bom%frE-cEh_NT « o u r 

HUSH JOINT, pvc 
TH%_4DE_ HELL CASING 
2 " DIR. 

FLUSH JOINT, TEfLON 
TWEflEEfl HELL CASING 
2 " BM. 

BENTONI7E SEAL 

GRADED Oft UNIFORM 
WASHED FILTER SfiNO OR 
CLEAN SILICA SflNO 

FLUSH JOINT, 
TH5ERCO HELL SCREEN 

BOTTOM CV -

SCHNASCL ENGINEERING 

NOT TO SCALE 
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SCHNABEL ENGINEERING ASSOCIATES 

CONSULTING ENGlNFJ^k 
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Appendix 4. 

Well 16MW9 (Point of Compliance) 



WELL CONSTRUCTION DETAILS FOR MW-9 / f ^ L . 

SORING NUMBER: MH-3 

HELL TYPE: 2 i n , Sen.48 PVC, Flush J o i n t 
SCREEN TYPE 

CASING TYPE 

DEVELOPMENT 

2 I n , No.18 S l o t Te f lon 

« i " , Sen.88 Steel 

flir Pressure/Surge 

Cont rac t No. V8313?? 

Oate Water 
Level Obta ined: 5-25-

VENTFJ] lKh£R CPP __ 

PROTECTIVE STEEL CASING 
WITH LOCKING CPP 

GROUND SjRFRCE 

CEMENT/CONCRETE COLLHR 

BOREHOLE 

3£Nr»I7C-Sr.rj|T C S C I J T 

FLUSH JOINT, PVC 
THREADED NELL CASING 
2 " DM. 

FLUSH JOINT, TEFLON 
THREADED HELL CASING 
2 " OIA. 

SENTONITE SEAL 

GRACED OR UNIFORM 
WASHED FILTER SAND OR 
CLEAN SILICA SAND 

FLUSH JOINT, 
TREADED HELL SCREEN 

BOTTOM CAP — -

SCHNfiBEL ENGINEERINC 

NOT TO SCALE 
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Attachment P: Well Construction <6 Boring Logs 07/31/01 

Appendix 5. 

Well 16WC1A (Point of Compliance) 



i 

J l fo j ecc^Radfo rd Army Ammunition Plant" 
Location: R a d f o r d , V i r g i n i a 
Client;. He rcu le s , I n c . 

5 5 ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Subsurface Condition* Summary 

'<M\W/ / t \ \ | | ^ vui^W] 
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Weil 16WC2A (Piezometer) 
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CgOP^TCM rN'-STTCATTOW AT H.TARnn,,, , K T I "AflrH-NT „ w ,« 
RADFORD ARHY AmWTTTO« p, , » T . . n F n R n „ r , r T „ T , 

3ackgrot;nH 

mmm 
Sjoscrom, and D. H. Douglas. 

Purpose and Sen-* 

r e f r a c t i o n methods were used Co meet the above objectives. 

Geophysical vf_f^^^. 

Electromagnets- Survey. 

icy L i ^ r ^ , " C h n i q U e 1 3 t 0 ° e a S U r e d l « « « » » *» " r r a i n conducciv-
^ 1 Z l T " * ^ y - "nducc iv i cy i s a f fec ted b y d i f f e r e n c „ 
s o i l porosity. „acer content, chemical nac re o f the ground vater ana s o i l 

l o n l u c ^ i v l c n s I h V L " " ' C C C ' ^ f a " ' H h 0 n ° 8 e n e O U S =he c m e 

using che EM over Che resistivi^ c t h n i Z ^ e ^ u T l L s ^ c ^ y T " 

loca ized resistivity inho-ogeneicies. (b) no direct concacc vich che ground 

retired, chus no currenc i.jeccion problems, (c) waller crev size required 

and (d) easy co make, rapid measurenencs, 

4 The EK equipment used ac HWO-IS consiscs of c.o c o i l s , connected bv a 

cable. One c o i l i s a t ransmit ter and che other c o i l i s a receiver. The trans-

matter c o i l (energized . i c h an a l ternat ing current (AC) at an audio frequency) 

# 



i s placed on che ground surface and che receiver c o l l placed a small distance 

away (33, 66, or 132 f c ) . The cransmlccer c o l l creaces a clme-varying magnetic 

f i e l d which induces small eddy currents i n che ground. These currents chen 

generate a secondary magneclc f i e l d which i s sensed cogecher wlch che primary 

f i e l d by che receiver c o i l . The readings i n m i l l l m h o s / f c are chen presented i n 

p r o f i l e fashion or as isoconduccivity contours i f data is obtained i n a g r i d 

form. 

5. Figure 2 shows che l o c a t i o n o f che twelve EM survey l i n e s conducced 

ac HVMS-16. A l l of the EM l i n e s were run using i n t e r - c o i l separations c f 33, 

66, and 132 f t . Analogous to r e s i s t i v i t y p r o f i l i n g , the greater che c o i l 

separation, che greater the depth o f i n v e s t i g a t i o n . A l l measurements were 

taken i n the h o r i z o n t a l d i p o l e mode ( c o i l s o r i e n t e d v e r t i c a l l y ) . Readings f o r 

each survey l i n e , w i t h the exception o f survey l i n e EM-12, were obtained wich 

the c o i l o r i e n t a t i o n perpendicular to the survey l i n e s i . e . , a c o i l on e i t h e r . 

side of the survey l i n e a x i s . I n a d d i t i o n , l i n e s EM-1 through EM-6 were run 

w i t h the c o i l s o r i e n t e d p a r a l l e l to the survey l i n e s (both c o i l s on the survey 

l i n e ) . The two d i f f e r e n t c o i l o r i e n t a t i o n s (perpendicular and p a r a l l e l to the 

survey l i n e ) were conducted to asses which o r i e n t a t i o n would b e t t e r resolve che 

i n d i v i d u a l l a n d f i l l c e l l boundaries. Survey l i n e s EM-1 through 11 were spaced 

50 f t apart. Readings were taken at"20 f t i n t e r v a l s along each survey l i n e 

except f o r l i n e EM-12 which were taken every 25 f c . 

Seismic Refraction Survive • 

*' seismic r e f r a c t i o n method u t i l i z e s the f a c t that che v e l o c i t y of 

a m a t e r i a l i s dependent on i t s ' e l a s t i c p r o p e r t i e s . I t i s based on the assump

t i o n t h a t materials are l o c a l l y homogeneous and i s o t r o p i c . I n the seismic 

r e f r a c t i o n method, energy i s imparted i n t o the ground usually by means of 

explosives or by s t r i k i n g a metal plate on the ground w i t h a sledgehammer to 

produce a seismic disturbance. The l o c a t i o n o f the seismic disturbance i s 

considered to be a p o i n t source and the disturbance i s transmitted through che 

ground as a series of waves. I n t h i s i n v e s t i g a t i o n the compression-wave 

(P-wave) w i l l be the e l a s t i c wave studied. Ceophones are implanted i n the 

ground surface along a s t r a i g h t l i n e spaced a t r e g u l a r i n t e r v a l s . The length 

o f the survey l i n e depends on che depth of che i n v e s t i g a t i o n . A common rul e of 

thumb i s chat the length o f che l i n e should be from three to four times the 
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depth of interest. Interpretation of seismic refraction daca consists of 

Pl o t t i n g the P-vave a r r i v a l t i . e s f or each geophone versus the geo?ho.e 

distances f r o , the seismic source. The slope of the straight line segmen-s 

drawn through the points correspond to the P-wave velocities of che material 

with further analysis the depths Co che horizoncal interfaces can be deter 

mined e r " 

7- Figure 3 shows the location of refraction lines R-l through v H i r h 

were run ac HVHS-16. Refraccion lines R.J chrough R-6 consisced.of 2 4 geo 

phones spaced 50 f t apart with shot points offset 15 fc from che end of each 

l i n e thus, giving a cotal l i n e lengch of 375 f c . This allows a maximum d e p ' c h 

of investigation of approximately 90 co 120 f c . Refraction lines R-l and R 7 

consisted of 24 geophones spaced 10 f t apart with shot points offset 10 f e 'tcon 

,he end of the lines thus, giving an end-co-end survey line length of 250 f t 

Hence, the 250-ft refraction lines are useful i n determining.che velocities to 

a maximum depth of approximately 60 to 80 f t . The surveys were conducted using 

a portable 24-channel seismograph and scored on magnetic tape for subsequent 

processing and interpretation. Energy was imparted into the ground by the use 

of tvo-component explosives. A more thorough discussion of seismic re f r a c t i o n 

f i e l d procedures is given i n Engineer Manual 1111-1-1802 (Headquarters. Depart-

menc of the Army, 1979). ' 

ResulES 

Electromagnet^ Survey? 

8. Results of EM surveys EM-1 through EM-U ere presented In two 

fashions, two dimensional (2-D) and three dimensional (3-D) views. Figures 4 

through 6 present a two dimensional view of the data obtained from conducting 

S U r V 6 y U n " a " C h«ugh a - U f=r i n t e r c o i l spacing, of 33. 66 and 

132 f t . respectively. Figures 7 through 9 present a 3-D view of the EM data 

for lines EM-1 through EM-U with I n t e r c o i l spacings of 33. 65. and 132 * e 

respectively. Figures 4 through 9 correspond to the case where the c o i l orien 

t a t i o n is perpendicular to the EM survey l i n e . Referring co Figure 4. 33 f c 

l n c e r c o i l surveys, three prominenc conduccivlcy highs can be seen occurring ac 

the approximace x-y coordinates (450. 625). (325. 375). and (200, 175). 

Referring to Figure 5 and 6, 66 and 132 f t i n t e r c o i l surveys, respectively, i t 
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can be seen chac che anomalous high conduccivicy reading ac (450. 625) becore 

less prominenc. The a r a a u i : h e h . anomalously high conducctvtcy values " ' 

(450, 625) occurs on che l a n d f i l l boundary and may be due in pare co bu-<ed 

man-placed macerial and i n pare Co nacural conditions, such as higher vace-

concenc or more clayey macerial. Ic is also possible chac che conduce'vl-' 

high at (450, 625) may be caused by a sepcic tank which is buried i n the 

v l c i n l c y . Ic is not known whether the septic tank i s made of concrete o-

sceel. therefore; ic i s d l f f l c u l c co assess lcs" influence on che c o n d u c t i v e 

readings, the ocher cwo conduccivicy highs occur i n the l a n d f i l l and are ' 

believed to be caused by e l e c t r i c a l l y conductive slag cype macerial used Co 

hirr ;vhe s i t e °r c a u s e d by ^— i c - i f - « ? 
through 9. 3-D perspectives for EM surveys wich in c e r c o i l spacing, of 33. 66 

and 132 .c, respeccively. a series of linear northeast-southwest trending ' 

feacures can be discerned. These more conducive linear features correspond 

wich wasce trenches known to exist i n the area. I t i s noted that che Unea

s e with the highest conduccivicy values corresponds Co a l a n d f i l l trench 

used for burying hazardous wasce. The remaining trenches contain sanitary 

waste and have r e l a t i v e l y lower conduccivicy readings 

9. F ^ r e s 10 through 12 show the Interpreted locations of the l a n d f i l l 

c e l l s based on the 33. 66. and 132 f t perpendicularly oriented EM survey daca 

respectively. The -actual- c e l l locations referred to i n Figures 10 through V 

are close approximacions of the l a n d f i l l locations since they were already 

l l f i u " ^ C l B e ^ ^ of che .actual-

l a n d f i l l cells as shown I n Figures 10 chrough 12 are based on a drawing pro-

vided by RAAP personnel. The locations of the l a n d f i l l s were i n t e r p r e t as 

areas having a relat i v e high conductivity. Referring to Figures 10 through 12 

can be seen that the interpreted locations of the l a n d f i l l cells correspond 

very well i n terms of basic width, length, and orientation wich che accual 

locaclons. Also i c w i l l be noced chac chere i s noc much difference i n che 

i n t e r p r e t e r s between'the 33, 66. and 132 f t i n t e r c o i l EX surveys 

10. Figures 13 through 15 show a 2-D view of the EM data obtained wich 

c o i l s oriented p a r a l l e l Co che EM survey lines for incercoil spacings of 33 ' 

66. and 132 fc. respeccively. Referring Co Figure 13. cwo conductivity highs 

are apparent; one is centered ac approximate coordinate (290, 350) and che 

other at (150, 150). Referring Co Figure 14 (66 fc i n t e r c o i l spacing) conduc 
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v ty anomalies can also be discerned In che same general locations as for che 

33 fc case, however, che anomalies are broader and less d i s t i n c t . Referring co 

Figure 15 (132 fc i n t e r c o i l spacing, I t can be seen that there Is l i e d , varla 

t l o n i n conductivity across the s i t e , when compared co che daca In Figures 13 

and 14. incercoil spaclngs of 33 and 66 fc. respeccively. Referring co 

Figures 16 through 13. 3-D perspecclves for EM surveys wich Incercoil spaclngs 

or 33. 66. and 132 f t . respectively. I t can be seen chac che 66 fc IntercoU 

spacing survey besc defines che l a n d f i l l c e l l s . 

11- incerpreced locations of che l a n d f i l l c e l l s , based on the results of 

the EM survey conducced p a r a l l e l to the EM lines for the 33. 66 and 132 f t 

inc e r c o i l spaclngs are presenced i n Figures 19 chrough 21, respeccively the 

locaclons of the l a n d f i l l s were interpreted as being areas having a relatively 

high conduccivicy. I t can be seen i n Figures ^ t h r o u g h 21 chac chese surveys 

have less resolving power f o r delineacing che c e l l s chan when che survey is 

conducced perpendicular, Co che EM lines ( p a r a l l e l Co che strik e of the cells, 

The 66 fc inc e r c o i l spacing survey (Figure 20) defined che locacion of the 

c e l l s better^chan the 33 or 132 f t surveys (Figures 19 and 21. respeccively). 

^HiHHS^rH?-
conducced i n th is manner, readings taken are a f fec ted great ly by near-surface 

materials and changes i n conduccivicy ac greater depths can be masked. In 

order to determine whether conductivity Is increasing or decreasing wich depch 

the ^ - s p a c i n g - technique was used. I . chls technique i n t e r c o i l spaclngs of 
" e r e 3 1 Z T " ^ ™ * " ™ ^ F " * . case 
here 33 and 66 f t spaclngs are used, apparent conductivity readings for 33 fc 

and 66 f t spaclngs. designated =33 and C66. are taken ac each measurement 
st a t i o n . Also, at each measurement station a new apparent conductivity desia-
nated Cn, i s computed as follows: ' 

Cn-2*C66-C33 

The apparent conductivit ies obtained from performing' the above computation are 

Plot ted i n 2 dimensions. The p lo t fo r the 33 f t i n t e r c o i l spacing (C33) gives 

the conduct iv i ty response of materials f o r depths of less than approximately 
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1 3 f t w h l l e t h e d a t a o f 2^66-c33 ^ e s the c o n d u c t i v i t y response at depths 

grea te r than 13 f t . ^ the s u ^ e y i s conducted ^ i t h i n t e r c o i l spaci^ga o f 66 

^ ^ ^ f ^ h e n the p l o t f o r C132 gives the c o n d u c t i v i t y response o f m a t e ^ i a l a 

a t depths less than 26 f t w h i l e the p l o t o f 2^132.C66 gives the c o n d u c t i v i t y 

response er depths greater than 26 f t . 

13 ^ t e s 22 and 23 are plots of the FM^o spacing technicue. 2^66-33 

^ ^ ^ ^ r e s p e c t i v e l y , run with the colls oriented perpendicular to the 

^ survey lines, ^ r i n g to figure 22 two prominent negative areas can he 

occurring at approximate coordinates (275. 350) and (375. 450) ^ 

suggests that i n these areas the conductivity of the material is decreasing 

with depth. ^ i n this f i g u r e , three highly conductive areas can he detected 

^ ^proximate stations (250.525).(275.300).and (350.400). These areas 

are indicative of materials increasing i n cond u c t i v i t y w i t h depth Referrir^ 

to Figure 23.one negative area centered ahout coordinate (500.300) can h e ^ 

seen ^ e e areaswith r e l a t i v e l y high conductivityvalues. indicating that 

conductivity i s increasingwith depth, canheseenoccurringatapproximate 
coordinates (250.325).(375.525).and (300.225). 

a n d 2 ^ ^ ^ ^ ^ ^ ^ 
and 2 ^ 6 6 . respectively, r u n w i t h the coils oriented p a r a l l e l to the 

^ s u r v e y lines. Referring to Flgure24.twoprominentnegativezonescouldhe 

discerned at approximate coordinates (220. 180) and (280. 350) ^o highly 

p c s i t l v e z o n e s w o u l d h e d e f l n e d i n t h l s figure deferring to Figure 25 two 

negative zones are noted, the f i r s t o c c u r s i n the lower left-handportion of 

the p l o t and the second occurs ahout approximate coordinate (280. 340) One 

prominent positive zone can he seen occurring at approximate coordinate 

(1^0. 350) however, this positive peakoccurs near the edge of the surveyed 
area and may not h e a r e l l a h l e data point. 

1 ^ ^ r e 26 presents the results of t h e E M p r o f i l e l i n e conducted 

a r o u n d t h e p e r l m e t e r b f ^ l 6 . along the road as shown i n F i g u r e 2 Refer 

r i n g to Figure 26 ananomalous area i s noted at approximately 650 f t The 

anomaly i s characterized h y apeax hounded h y a t r o u g h on either side ^his 

anomaly occurs on each of the three survey lines and occurs across the road 
C0^2. 
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Seismic Refraccion Survey* 

by t r e n d i n g anc b a c k f i l l i n g , the sit e i s inhomogeneous. i n the geologic J s e 

T2lZZl7X.lTo7 d;c

h

eralr-"lons ^»^~«.. *„.„,:., b.l0„ J -• : ~ £ i - f r i . z ^ ^ ^ ^ ™ — surface or by a subsurface feature having a greater ve loc i ty than the surrounc.ng mater ia l . Seismic l ine R-5 (Figure 31) indicates an unequal number of layers between the forward and reverse traverses. The forward traverse 
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Figure 3. Location and orientation of sei smic refraction lines 



33 FT. INTERCOIL SPACING 
700 

1 0 0 2 0 0 3 0 ° l 0 0 500 600 700 

X —Distance, feet 

Contour intervol = 6mmhos/ft 

Figure 4. 2_o EM data, 33 f t intercoil 
spacing, perpendicular a/ientation 
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66 FT. INTERCOIL SPACING 

100 
600 700 200 300 400 500 

X —Distance, feet 

Contour intervat = 2mmhos/(t 

Figure 5. 2-D EM data, 66 f t intercoil spacing, perpendicular orientation 



132 FT. INTERCOIL SPACING 
700 

' 0 0 2 0 0 MO , 40v 500 600 700 

X —Distance, feet 

Contour i n t e r v a l = 2mmhos/f t 

Figure 6. 2-D EM data, 132 f t intercoil 
spacing, perpendicular orientation 



INTERCOIL SPACING 

3 f t intercoil spacing, perpendicular oriental! 
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0 C „ „ 3 A ( C4 
Well Positions 

Actual Location of Landfi l l Cells 

Interpreted Location of 
Landf i l l Cells ( 33 feet 

Figure 10 Interpreted location of l a n d f i l l ce l ls 33 
i n t e r c o i l spacing, perpendicular or ientat ion 

f t 



1 " I Actual Location of Landfill Cells 
'WM/W/h Interpreted Location of 

Landfill Cells -- ( 66 feet ) 

Interpreted location of l a n d f i l l cells, 66 f t 
:oil spacing, perpendicular orientation 
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Well Position's 

Actual Location of Landfill Cells 
Interpreted Location of 

Landf i l l Cel ls -- (132 feet I 
Figure 12. Interpreted location of l a n d f i l l cells , 132 f t 

intercoil spacing, perpendicular orientation 
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33 FT. INTERCOIL SPACING 

X—Distance, feet 

Contour interval = 2mmhos/ft 

• 2-D EM data, 33 f t intercoil spacing, parallel orientation 



66 FT. INTERCOIL SPACING 
500 

X—Distance. feet-

Contour interva{ = 1mmho/f t 

. 2-D EM data, 66 f t intercoil spacing, parallel orientation 
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Figure 15. 2-D EH data, 132 f t i n t e r c o i l spacing, pa ra l l e l orientation 



33 FT. INTERCOIL SPACING 

6. 3-D EM data, 33 f t intercoil spacing, parallel orien 
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66 FT. INTERCOIL SPACING 

Fi 3ure 17. 3-D EM data, 66 f t i n t e r c o i l spacing, paral l e l o r i 
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132 FT. INTERCOIL SPACING 

3. 3-D EM data, 132 f t i n t e r c o i l spacing, paral l e l o r i e n t a l ! 
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Well Positions 

Actual Location of Landf i l l Cells 

Interpreted Location of 
Land f i l l Cel ls -- ( 33 feet 1 

Figure 19. Interpreted location of l a n d f i l l cells, 33 f t 
intercoil spacing, parallel orientation 



' J Actual Location of Landf i l l Cells 

W///////////M Interpreted Location of 
Landf i l l Cells -- ( 66 feet 1 

Interpreted location of l a n d f i l l c e l l s , 66 f t 
t e rco i l spacing, para l le l orientat ion 
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Actual Location of Landfill Cells 

Interpreted Location of 
Landfill Cells -- (132 feet I 

Figu g'Jre 21. Interpreted location of l a n d f i l l cells, 152 f i 
intercoil spacing, parallel orientation 



2*66 -33 

Figure 22. 2-D representation of tvo spacing method 
(2*66-33), perpendicular orientation 



Figure 23. 2-D representation of two spacing method 
(2*132-66), perpendicular or ientat ion 



Figure 24. 2-D representation of two spacing method 
(2*66-33), parallel orientation 



Figure 25. 2-0 representation of two spacing method 
(2*40-66), p a r a l l e l orientat ion 
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F i g u r e 2 6 . EM p r o f i l e l i n e a l o n g p e r i m e t e r . o f IIWMS-lG 
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Figure 27. #Seismic re f rac t ion l ine h-1 

R-l 

« INPUT DATA 

FORWARD REVERSE 

LAYER VEL. T l . VEL. TI. 
* FT/S MSEC FT/S MSEC 

1 1550 O. o 25SO 0.0 
(2 10OOO SO. O 5320 3 J.Q 

COMPUTED .SEISMIC PROFILE . 

DEPTH 
FOR. REV. 
FT. FT. 

54. 0 33. 5 

LAYER TRUE 
* VEL. 

FT/S 

1 20SO 
2 6910 



DISTANCE, f t 

Figure 20. Seismic r e f r a c t i o n l i n e R-2 
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Figure 29. Seismic refraction line R-3 
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M sa F_ 

R-4 

INPUT DATA 

FORWARD REVERSE . 

LAYER VEL. T l . VEL. T l . 
* FT/S MSEC FT/S MSEC 

1 1650 O. 0 JSOO Q. Q 
.2 4470 34.0 4 150 35. 5 
3 9400 52. O IOQ70 SB. 5 

COMPUTED'SEISMIC PROFILE 

LAYER TRUE DEPTH 

* VEL. FOR. R£v. 
FT/S FT. FT. 

1 1580 
2 4300 29. 0 30. 0 
3 10100 66.5 79.5 

30 60 90 120 150 180 210 240 270 300 330 360 

DISTANCE. Ft 

Figure 30. Seismic refraction line Wl 
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Figure 31. Seismic re fraction line R-5 
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Figure 32. t Seismic re f rac t ion l ine R-6 
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Figure 33. Seismic re f rac t ion l ine R-7 
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Figure 3*1. Summary of seismic refraction lines 



Figure 35. Top of rock elevation based on results 
of seismic refraction surveys 
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